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Save up to 30% in cost, 60% in time 
with EPON RESIN tools and dies 


Your tooling resin formulator will show 
you how Epon resin formulations save time 
and money in applications such as these: 
High temperature tooling: Metal forming 
stretch dies that can operate at temperatures 
over 

Heated tools: Matched dies, with integral 
heating units, may be made with Epon resin 
formulations for rapid heat curing of lami- 
nated plastic parts. 

Long-lasting metal forming tools: Castings 
made of formulated Epon resin, mounted in a 
crank press, showed no permanent deforma- 


tion after 28,000 compression-shock cycles. 


In addition, Epon resin formulations offer 
you the following advantages: 


Excellent tolerance control: Little machining 
and handwork are required to finish Epon 
resin tools because of the material's excellent 
dimensional stability and lack of shrinkage. 


Outstanding strength: Jigs and fixtures with 
thin cross sections can be built from Epon 
resin-based formulations reinforced with glass 
cloth. The resulting laminate has high flexural 
strength and excellent dimensional stability. 


Easy modification: Tools and fixtures made 
from Epon resins may be quickly and easily 
modified to incorporate design changes. 


CONTACT YOUR 
TOOLING RESIN FORMULATOR 


The combination of resin formulator’s skill 
and practical knowledge, backed by Shell 
Chemical’s technical research and experience, 
has solved many important tooling problems 
for industry. Your own formulator specialist 
can help you solve yours. For a list of experi- 
enced toolin resin formulators and additional 
technical information, write to: 


SHELL CHEMICAL CORPORATION 
PLASTICS AND RESINS DIVISION 


CHICAGO 


CLEVELAND «+ 


LOS ANGELES + NEW YORK 


~ 
; 
<3 
ia 
; 50 WEST 50th STREET, NEW YORK 20, NEW YORK 
IN CANADA Chemical Division, She Compony of Canodo limited, Montrec! © Toronto Var : 
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PIGMENT 


FROM RESEARCH TO REALITY 


A ves OM PANY 
GENERAL ANILINE FILM CORPORATION 
4323 HUDSON NEW YORK 14. NEW YORK 
SMARLOTTE CHATTANOCEGA + CHICAGO + LOS ANGELES © NEW YORK + PHILADELPHIA 


PORTLAND, ORE. FROVIDENCE « GAN PRANSISCO EN CANAGCA CHEMICAL BEVEL OPMENTE 
OF CAMADA, LID, MONTHEAL 


Printed with Heliocen Green GA 


| Helidgen Viridine marks the 


first major expansion of the 


phthalocyanine spectrum. since 


its introduction. This is the ye:- 
lowest green pigment available 
for producing vivid, tightfast, 
non-dichromatic shades in all 
depths in. plastics, inks, paints 
and tertile printing, 


Heliogen Viridine Y has very high 
tinctorial strength and is stabie 
to organi¢ solvents, acids and 
alkalis. it is additionally versatile 
because ot the many forms avail- 
able to fit your needs: toners, 
lakes, dispersed powders, water 
dispersions, pastes, presscakes. 


Be among the first to use this 
exciting new color, Write direct 
or call your GDC representative 
for information.and samples. 


Printed with New Heliogen Viridine Y 
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DEDICATED TO QUALITY, SERVICE AND ECONOMY IN MOLDING 


YOU SAVE 


D-ME#TSTEEL 


MORE ON MOLD COSTS 


WITH OVER 6,000 D-M-E STANDARD 
MOLD BASES TO CHOOSE FROM 


Largest Selection Saves You 

Time and Money 

Whether it’s a one-cavity “test” mold 
or a 60-cavity high production run, 
chances are D-M-E has the right size 
Standard Mold Base to fit the job 
and the molding machine. 

D-M-E’s 32 standard sizes, up to 
x 35'2", with 100° standard 
cavity plate combinations for each 
size, give you the largest selection of 
carbon or alloy steel standards avail- 
able from any single source. 


Save on Design Time, Moldmaking 
Time, Replacement Parts and Delivery 


Design time is reduced by using 
D-M-E’s full-scale Master Layouts 


and Catalog of specifications and 
prices. Moldmaking time is reduced 
because all D-M-E plates are preci- 
sion ground flat-and-square, ready 
for cavity layout and machining. Ex- 
clusive interchangeability gives you 
the added saving of immediate re- 
placement of any component part. 
And D-M-E’s seven branch offices 
and warehouses are always fully 
stocked with Standard Mold Bases 
and components to meet your de- 
livery requirements. 


Cut Costs on Your Next Program 


Start saving on your next moldmak- 
ing program, no matter how large or 
small. Take advantage of D-M-E 
Quality, Service and Economy. 


FASTER DELIVERIES 
FROM COMPLETE STOCKS 


for IMMEDIATE DELIVERY. 


Over 1,000 D-M-E Standard Mold Bases 
always IN STOCK at local D-M-E Branches 
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Comparison Tests 
Prove Advantages of 
D-M-E Ejector Pins 


This cross-sectional photo-micrograph of the 
hot-jorged head on a D-M-E Standard Ejector 
Pin reveals superior grain flow. 


Plastic mold or die cast die ejector 
pins amount to a fraction of total 
mold cost. But ejector pins affect 
mold performance more than any 
other single element. Recognizing the 
importance of ejector pin perform- 
ance, D-M-E carries on continual 
research and development to provide 
the finest ejector pins to meet the 
combination of grueling thermal and 
mechanical stresses ejector pins must 
withstand. 


Proof of Performance 

Recent comparison tests by an im- 
partial testing laboratory proved con- 
clusively how D-M-E Standard Ejec- 
tor Pins out-performed “‘higher- 
priced” pins in every test of the 
physical properties contributing to 
good mold performance—including 
tensile strength, surface and core 
hardness, surface finish and critical 
temperature of surface hardness. 
Get All the Details 

Ask your nearest D-M-E Branch for 
complete details of these comparison 
tests. And be sure to ask about the 
complete stock of every size of Stand- 
ard Ejector Pins, including “‘Letter- 
size Diameters’, available for im- 
mediate delivery. 


DETROIT MOLD ENGINEERING COMPANY 


e DETROIT: 6686 E. McNichols Rd.—CHICAGO: 5901 W. Division St. 
HILLSIDE, N.J.: 1217 Central Ave—LOS ANGELES: 3700 S. Main St. 
e D-M-ECORP., CLEVELAND: 502 Brookpark Rd.—DAYTON: 558 Leo St. 


ID) Milz e D-M-E of CANADA, Inc., TORONTO, ONT.: 156 Norseman Ave. 
59-A& 
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PRINTED WITH GRAPHTOL RED 1475-0 


GRAPHTOL REDS 


FOR PRINTING INKS + PAINTS «+« PLASTICS 


BRIGHT « CLEAN « EASY TO PROCESS 


ANTHOSINE .... . . 1600 PIGMENT RUBINE . .. . 1300 
PIGMENT SCARLET .. . 1700 
CHLORINATED PARA . 2300 PYRAZOLONE .... . 2700 
LITHOL RUBINE. .. . . 1900 REO LAKE C. ... . . 2600 
NAPHTHOL « « RHODAMINE .... . . 1800 
PERMANENT REO 28... 1400 TOLUIDINE « « « « 2260 


SANDOZ 


ORGANIC PIGMENTS DIVISION 


ALgonquin 


for detailed information and color chips call: 
SANDOZ, INC. PIGMENT DIV. 61 VAN DAM ST. NEW YORK CITY + MARTIN, HOYT & MILNE LOS ANGELES SAN FRANCISCO 
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CHEMICAL We Cat YOU better 


because we have 
more to serwe you urth | 


HEADQUARTERS 


ANHYDRIDES 


Maleic Anhydride 
phthalic Anhydride 
Succinic¢ Anhydride 
anhydride 
drophthalic 
Hexahydrophthalic Anhydride 
Dodecenylsuccinic Anhydride 
wanic® Anhydride 
wavic® Methy! Anhydride 


TI-SKINNING 
ANTEC ts 
NAXOL® ASA® 
Cyclohexane Antioxidant B® 


Acid 
succinic Act WADONE® ® 
Cyclohexanone Antioxidant D 


Tetrahy 


The broader the line, the better the service and the greater the 
savings for you. 


National Aniline makes the most comprehensive line of resin- 
chemicals available today from any single source. By concentrating 
your orders with National Aniline, you can simplify purchasing, 
minimize inventory and frequently lower your delivery costs. On 
combination orders you get mixed car or truckload rates from plant 
or principal branch warehouse stocks. 


And there’s never a question on quality because National’s modern 
plants are integrated right back to basic raw materials wholly within 
the Allied Chemical group. 


Before you place another order, get our price quotation on any or 
all of the resin chemicals listed. 


NATIONAL ANILINE DIVISION 
40 RECTOR STREET, NEW YORK 6,N Y 


Atlenta Boston (Charlotte Chicago Greensboro Los Angeles 
Philadelphia Portlond, Ore Providence Son Francisco 


tn Conada: ALLIED CHEMICAL CANADA, 100 Worth Queen St., Toronto 14 
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for precompressed injection molding ! 


Here are five important reasons why this exclusive Stokes feature 
increases the efficiency of injection molding: 


e Provides precompressed material in the heating cylinder 
Decreases pressure loss between injection ram and nozzle 
Increases plasticizing capacity 
Provides faster filling of cavities 
Completely eliminates nozzle ‘“‘drool’’ and “‘strings” 


This exclusive feature is typical of the unique Stokes injection 
molding concept. Do you have all the facts on positive ejection 
and truly automatic molding? Write, today. 


Plastics Equipment Division 4 , : 
F. J. STOKES CORPORATION Ss K 
5500 Tabor Read, Philadelphia 20, Pa. i : 
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Another new development using 


B.EGoodrich 


Ch em ic al raw materials 


300VCT! | 
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This rigid Geon extrusion shown with bus 
bars and, end view, without bars inserted 
is made by The Rotuba Extruders, Inc., 
Brooklyn, N.Y. It is used in components 
of analog computers manufactured by 
Electronic Associates, Inc., Long Branch, 
N.J. B.F.Goodrich Chemical Company 
supplies the rigid vinyl materials only. 


Extrusion of rigid Geon 
... cuts bus bar insulation costs, saves assembly time 


This extrusion of Geon rigid vinyl 
material saves cost, time and 
space for electrical assemblies. It 
is used to retain and insulate six 
strip-type bus bars of varying 
voltages up to 600 volts DC. They 
can be placed closer together be- 
cause of rigid Geon’s high dielec- 
tric strength and high insulation 
value 

Rigid Geon brings material costs 
down, too, for this application. It 
also shortens assembly time and 
saves weight and space. 


B.EGoodrich 


In addition, the use of extrusions 
made from Geon rigid vinyl ma- 
terial provides good chemical and 
abrasion resistance. If desired, thev 
can be colored for coding purposes. 
It’s another example of the way 
Geon rigid vinyl can be the key to 
a new or improved product or 
application. For information, 
write Dept. AJ-1, B.F.Goodrich 
Chemical Company, 3135 Euclid 
Avenue, Cleveland 15, Ohio. Cable 
address: Goodchemco. In Canada: 
Kitchener, Ontario. 


B.F.Goodrich Chemical Company 
a division of The B.F.Goodrich Company 


GEON polyvinyl! materials HYCAR American rubber and latex 


GOOD-RITE chemicals and plasticizers * HARMON colors 
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Editor aa Society of Plastics Engineers Journal 


CHARLES E. RHINE 
65 Prospect Street, Stamford, Connecticut 


Editor Emeritus ) VOL. 15. NO. 4, APRIL 1959 
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Need More Product /nformation...? 


Here you see Enjay’s latest book, Higher Oro Alcohols, the Specification Binder 
of Enjay’s complete line of petrochemicals and two timely Enjay Technical 
Bulletins giving the latest performance data on various products. These and other 
Enjay publications are available immediately upon request. 

Enjay’s Customer Service Laboratory is constantly at work improving exist- 
ing products... perfecting new uses for them. Product information developed 
through this research program is published by the Laboratory as a service to 
Enjay’s customers. In these valuable publications you'll find detailed information 
on specifications and production techniques—information that will help you 
produce better products... more efficiently ... more economically. 


EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 
ENJAY COMPANY, INC. 
15 West 51st Street, New York 19, N.Y. 


Akron « Boston « Charlotte «+ Chicago « Detroit « Los Angeles «+ New Orleans « Tulsa 


WRITE TODAY on wou company's 


letterhead to your nearest Enjay office, pro- 


fin 


q 


information on the pet ochemicals 


will send you pertinent product 


and other appropriate 
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Be sure to get in on the 


First SPE 


“ENERAL CHAIRMAN, Jack G. Fuller, and Pro- 
gram Chairman, S. S. Oleesky, cordially invite all 
SPE members and friends to offer technical papers for 
SPE’s first National Technical Conference, to be spon- 
sored by the Southern California Section at The Ambas- 
sador, Los Angeles, California, October 13 and 14, 1959. 


As an SPE National Meeting, the Conference will 
have the full participation and support of the National 
Society and National Office. A meeting of the SPE Na- 
tional Executive Committee is scheduled for the day 
preceding the Conference. 


An abstract of about 150 words on what the proposed 
paper will cover is requested to accompany each offer 

For consideration for the NATEC program, all offers 
and abstracts must be received before May 11. Please 
address all offers to: 


S. S. Oleesky, Program Chairman 

SPE First National Technical Conference 
c/o Zenith Plastics Company 

1600 West 135th Street 

Gardena, California 


The following outline program defines tentatively the 
general subjects and technical areas for which papers 
are requested. Offers on papers not covered in this pro- 
gram, however, will be welcome and will receive con- 
sideration. 


The Southern California NATEC Committee is con- 
fident that it will be able to develop a timely program 
of such compelling technical interest that no SPE mem- 
ber or plastics engineer can afford to miss it as a result 
of the outstanding papers made available from this re- 
quest. The topics of the 25 or more papers to be pre- 
sented in 7 sessions during the two-day conference in 
the following outline program give just a hint of what 
is in store for those who attend. 


So, plan now to join leading plastics engineers from 
all over the country by participating in SPE’s first 
National Technical Conference! 


*A SPE National Technical Conference (NATEC) is 
held in years when the need for a second national meet - 
ing is demonstrated. The 16th Annual Technical Con- 
ference (ANTEC) will be held at The Conrad Hilton, 
Chicago, Ill., January 12-15, 1960. 


TENTATIVE OUTLINE PROGRAM 


First Day 


9:30 AM—12:00 Noon 
JoInt SESSION ON ENGINEERING AND DESIGN 


9:00 AM—10:30 AM 
New thermoplastic materials—(three papers) 


10:30 AM—12:00 Noon 
New thermosetting materials—(three papers) 


12:00 Noon—1:45 PM 
Luncheon—(Speaker to be selected) 


2:00 PM—2:30 PM 
Quality control in manufacturing—(Joint Session) 


2:45 PM—4:15 PM 
CONCURRENT SESSIONS ON PROCESSING 


(A) Thermoplastics—(Three papers) 
New Equipment; Short-Run Tooling; New Proc- 
esses; New Tooling Designs; New Tooling Mate- 
rials; Vacuum and Thermo-Forming; Finishing. 


Thermosetting—(Three papers) 

Effect of Glass and Resin Variables on Repro- 
ducibility; New Equipment; New Tooling De- 
signs; Continuous Filament Winding; Gel Coating 
Methods; Finishing. 
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Second Day 


9:00 AM—12:00 Noon 
Enp Uses 


9:00 AM—9:45 AM 
Joint SESSION ON ENGINEERING AND DESIGN 


9:45 AM—12:00 Noon 
Concurrent Sessions 


(A) Thermoplastics—(Four papers) 
Packaging; Bottles; Toys and Sporting Goods: 
Piping Systems; Standards. 

(B) Thermosetting—(Four papers) 
Transportation (Boats, Trailers, Truck Bodies); 
Structural Panels; Furniture; Chemical Process- 
ing Equipment; Standards. 


12:00 Noon—1:45 PM 
Luncheon—(Speaker to be selected) 


2:00 PM—2:45 PM 
New Commercial Aircraft. 


2:45 PM—4:15 PM 

Aircraft and Missiles End Uses. 

Adhesives, Coatings, and Sealants; Cryogenic Applica- 
tions; High Temperature Applications; Propellants and 
Engines. 
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RESIN 


Three new LAMINAC” Polyester Resins 
point the way to better reinforced plastic products 


Lamunac resin 4105—a rigid, fast-curing resin of 
medium reactivity and low, slightly thixotropic vis- 
cosity formulated for boat builders and other fabri- 
cators using hand lay-up techniques. Lamunac 4105 
has good wetting properties, does not sag in vertical 
lay-up with glass mat or woven roving, offers fast gel 
controllable by amount of catalyst used, and re- 
quires short time between gel and cure to sufficient 
rigidity for removal from mold. These features en- 
able fabricators to lay-up two or three parts per shift 


in each mold. 


Lamunac resin 4103—tough, resilient, new resin for- 
mulated for hot-press molding of products required 
to withstand heavy mechanical abuse, such as boats, 
auto bodies and truck cabs. Its resilience permits 
unusually fast cure without crazing and production 


of strain-free molded parts. Absorbing stresses, it 
maintains good glass-to-resin bond, giving perma- 
nent high mechanical strength. Favorable cure 
characteristics at room temperature with addition of 
recommended promoter-catalysts. 


Lamunac resin 4107—this new resin is intended pri- 
marily for tanks, tank linings, ducts and other appli- 
cations requiring high degree of chemical resistance. 
Laminates show excellent resistance to boiling water, 
acids and mild alkalis. The resin has excellent curing 
characteristics, permitting curing of thick sections 
with minimum crazing. It is suitable for fast high- 
temperature molding as well as all other fabricating 
methods. 


Technical data sheets on the new LAMINAC polyester 
resins are available on your request. 


CYANANIIDYD 


AMERICAN CYANAMID COMPANY 
PLASTICS AND RESINS DIVISION 
30 Rockefeller Piaza, New York 20, New York 


as In Canada: Cyanamid of Canada Limited, Montreal and Toronto 
: Offices in: Boston * Charlotte * Chicago * Cincinnati * Cleveland * Dallas * Detroit * Los Angeles * Minneapolis * New York * Oakland ¢ Philadelphia ¢ St. Louis * Seattle 
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Society of 
Plastics Engineers, Inc. 


An international scientific and educa- 
tuonal organization of more than 6500 
individual members devoted to the de- 
velopment and dissemination of tech- 
nical information in the fields of re- 
search, design, development, produc- 
tion and utilization of plastics materials 
and vroducts. The Society is incorpo- 
rated under the laws of the State of 
Michigan. 


Executive and Business Offices 
65 Prospect St. 
Stamford, Conn. 


Officers of the Society 

Frederick C. Sutro, Jr., President 
George W. Martin, Ist Vice President 
Jules W. Lindau, Ill, 2nd Vice President 
Frank W. Reynolds, Secretary 
Haiman S. Nathan, Treasurer 
Thomas A. Bissell, Executive Secretary 


All correspondence relative to busi- 
ness matters, meetings of the Society, 
membership, advertising and the like, 
should be addressed to the business 
offices listed above. 


Members should notify the business 
offices at least 30 days in advance of 
contemplated changes in address. 


Membership in the Society is avail- 
able to qualified individuals. Inquiries 
— be addressed to the business 
office. 


Membership in the Society is extended 
to individuals who by previous train- 
ing or experience or by present occu- 
pation qualify them to carry out tle 
objective of the Society. The privi- 
leges of membership are designed to 
enhance the professional standing of 
the individual member by encouraging 
participation in scientific and techni- 
cal programs and professional activi- 
ties; by developing close personal 
contacts and acquaintanceship among 
members; and by providing an oppor- 
omen to administer the local and na- 
tional activities of the Society. 


Neither the Society of Plastics Engi- 
neers, Inc., nor the SPE Journal is 
responsible for the views expressed 
by individual contributors either in 
articles accepted for publication in the 
Journal or in technical papers pre- 
sented at meetings of the Society. 
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Charles E. Rhine 
Editor 


 EDITOR’S NOTEBOOK ~ 


Days Pass Like Minutes! 


There are only 260 days until our next 
Annual ‘Technical Conference 
January 12-15, 1960 
The Conrad Hilton, Chicago, 1. 


Those whose briefs have been accepted as a basis 
for an ANTEC paper are working towards paper com- 
pletion by September 1 (130 days) to allow final re- 
view and preprinting before January. Many thanks 
to all for briefs received; many are now being screened 
for possible inclusion in the program-—PAG’s are 
helping us in this work. Thanks too for the prompt 
return of Program Questionnaires—we'll report re- 
sults on YOUR planning of the program as soon as 
we emerge from this statistical maze of numbers. 


We appreciate your help—DON’T STOP NOW. We 
can still use your questionnaire if you haven’t sent it 
—use an airmail stamp. We still have room, too, for 
a few papers. If you have data or thoughts, which 
were nonexistent last month, suggesting a timely paper 
—rush us 75 words about it. Have you a friend sitting 
on a hot topic? Lead him to a mailbox with his brief. 
Abstracts are due August 1 (70 days). Rush the brief 
to give yourself the most lead time. 


THIS IS YOUR ANTEC. WE STILL NEED YOUR 
HELP. SEND IN LATE QUESTIONNAIRES AND 
BRIEFS NOW. TIME FLIES! 


K. A. Kaufmann 

Chairman, Speakers Committee 
SPE 16th ANTEC 

Amoco Chemicals Corp. 

910 S. Michigan Avenue 
Chicago 80, Dlinois 


Konnen Sie deutsch Lesen 


If you are a plastics engineer and can read technical Ger- 
man, we can use you on the staff of the SPE Journal. We need 
members to abstract articles from Der Plastverarbeiter and 
Kunststoff-Rundschau for Plastics Around the World Fea- 
ture. We will supply free copies of the magazines each month 
to members who will abstract the articles for publication 
under a by-line. If you are interested in this rewarding job, 
please write the Editor stating your qualifications. 


\ 
\ 
\ | 
\ 
2 
7 
ae 
a 
e 
F 
i La 
6 
ae 
275 


In High-Density, 17 
“BAKELITE” Polyethylene Com- 
pounds for New Products and 
Profits Like These 


EXTRUSION COATINGS 


Multi-trip bottied Multiwall bags 
beverage cases and barrier papers 


with the 


Check the unique, low-to-high density 
range of BAKELITE Brand Polyethylenes 
for your widest selection of properties— 
whatever your end-use application. Your 
choice covers densities from .916 up to 
.960—a spectrum unequalled in the field 
to let you match properties exactly to 


your purpose. 


With “BAKELITE” high-density mate- 
rials, properties include a range of melt 


EXTRUSIONS 


Monofilaments Monofilaments 
for furniture tape for rope and twine 


Here are some of the several-score products 
successfully manufactured from the new 
“BAKELITE” Brand high-density polyethy- 
lene compounds. If there’s a profit idea here 
for you, call your Technical Representative. 
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INJECTION & BLOW MOLDING 


Bottles and packaging Large cases and housings 
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indexes in combination with particular 
qualities for molding, extrusion, coatings 
and film applications. High flow rates— 
higher rigidity — heat resistance — grease 
and moisture impermeability — toughness 
—gloss—abrasion resistance and other 
properties are provided “as you want 
them.” Check your Union Carbide Tech- 
nical Representative—and, for the leaflet 
which lists all “BAKELITE” Brand High- 
Density Polyethylenes write Dept. DS-143. 


Bags for soft goods and 
paper products Over-wrap 


UNION CARBIDE PLASTICS COMPANY 
DIVISION OF UNION CARBIDE CORPORATION 
30 EAST 42nd ST., NEW YORK 17,N. Y. 


In Canada: Union Carbide Canada Limited, Toronto 7, Ontario 
The terms BAKELITE and UNION CARBIDE are registered trade-marks of Union Carbide Corporation 
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OLD SMO BIL Where Quality is Standard Equipment! 
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THE SOUND... 
AND THE JURY 


The quiet, solid feeling inside 
the 1959 Oldsmobile results from 
patient testing by a highly spe- 
cialized “*jury’’— experts in the 
field of sound analysis. 


Unlike most other phases of auto- 
motive engineering, there are no 
instruments which measure the 
“annoyance” factor of sounds inside 
an automobile. Subjective, personal 
evaluation known as the “jury sys- 
tem” is the most important means of 
determining how quiet it is inside 
an Oldsmobile. 

With the “jury system”, several ex- 
perienced engineers assemble in an 
acoustically treated room and listen 
to binaural tape recordings made 
inside a test car. Careful editing of 
the tape recording allows rapid side- 
by-side comparison between two 
different test conditions and elimi- 
nates reliance on memory since con- 
siderable time may elapse between 
actual tests. By pushing a button, 
each engineer casts a secret “vote” 
and then the tabulation of the results 
determines which test condition is 
superior, 

For the greatest possible accuracy, 
considerable care is taken making 
the recordings. Special microphones 
are placed at points corresponding 
to the passengers’ ears. The recording 
equipment is ina specially equipped 


vehicle which follows the test car 
over a “ride road” that is carefully 
constructed to excite the vibrations 
and sounds that occur under normal 
driving conditions. 


Quality, like quietness, is not acci- 
dental. It is the deliberate effort by 
Oldsmobile engineers to design quality 


into every automobile they produce. 
You'll like the 1959 Oldsmobile 

with its solid Body by Fisher— 
it’s the quietest car built! Experience 
this pach ~e for yourself by visiting 
vour local Authorized Oldsmobile 
Quality Dealer as soon as possible. 

OLDSMOBILE DIVISION 
GENERAL MOTORS CORPORATION 
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DAPON® 
C(DIALLYL 
PHTHALATE) 
RESIN 
FOR 
SUPERIOR 
ELECTRICALS 


DAPON® resin (diallyl phthalate prepolymer), a preferred 
and frequently the only acceptable material in military and FMC manufactures the basic DAPON resin only 
space technology applications, is equally well suited toa and does not supply finished molding compounds, 
wide range of industrial uses. Molded DAPON resin parts DAPON resin neliog compounds are available from: 
are widely used today by the leading companies in the elec- 
tronics industry. Acme Dially! Phthalate 

arcre nvenue as Molding Compounds 


Forest Park, iin 

Electrical parts molded with DAPON resin are unexcelled nt ee 
for retention of dielectric strength, insulation resistance and DUREZ PLASTICS DIVISION ouren Dia Puanetate 
are resistance even under conditions of high humidity and Hooker Chemical Corp Molding Compounds 
elevated temperatures. DAPON resin’s unusual stability 
eliminates breakdown and attendant corrosion of metallic MESA PLASTICS COMPANY Diall® (Dially! Phthalate) 
electronic components. And the exceptional dimensional 11751 Mississippi Avenue Molding Compounds 
stability of DAPON resin permits molding of complex parts Los Angeles, California Diall® (Dially! Isophthalate) 

with multiple inserts as well as close tolerances without 
machining. For use at higher temperatures another form of ROGERS CORPORATION Rogers Diallyl Phthalate 
DAPON, named DAPON M resin (diallyl isophthalate pre- Rogers, Connecticut Molding Compounds 


polymer), is also available. 


For complete information about DAPON resin’s outstanding electrical properties and 
how it can help solve your problems, write to FMC Chemicals and Plastics Division. 


Putting Ildeas to Work 
FOOD MACHINERY AND CHEMICAL CORPORATION 


Chemicals and Plastics Division 
ANNO CHEMICAL 
161 EAST 42ND STREET, NEW YORK 17,N. Y. 
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THE MARK OF QUALITY 


BARBER 
COLMAN 


Wheeleo 
Inctruments 


Up to 720 molding cycles per hour on this Van 
Dorn machine — that’s a production rate to 
put a burden on any temperature controller. 
What’s the instrumentation specified? Wheelco 
290 Series proportioning-type Capacitrols are 
selected to do the job. 

A high-capacity heating chamber permits the 
machine to plasticize material at more than 30 
pounds per hour, molding pieces up to 24% 
ounces. Large platens accommodate 9” x 12” 
molds. Completely automatic operation and the 
larger, circular hopper with pilot light, permit 
operator to handle more than one machine. 


Horizontal plastics injection 
molding press built by 

Van Dorn Iron Works 
Company, Cleveland, 
plasticizes at more than 

30 lb per hour. Two 
Wheelco 290 Series 
Capacitrols maintain 
precise temperature 
control, aid fast cycling. 


Wheelco temperature controls 
permit faster, more precise 


Once again Wheelco is the choice of both the 
machine builder and user because both recog- 
nize the fact that all instrumentation just isn’t 
the same. Experience with molding every type 
of material, trouble-free operation, and an un- 
matched field organization are some of the 
“extras” that win and keep friends for Wheelco. 
Instrumentation training for your instrument 
technicians and supervisors conducted by 
specially qualified Wheelco instrument engi- 
neers is another service offered to the plastics 
industry. Your nearby Wheelco field engineer 
will be happy to supply more information. 


BARBER-COLMAN COMPANY 


Dept. P, 1575 Rock Street, Rockford, Illinois, U.S.A. 
BARBER-COLMAN of CANADA, Ltd., Dept. N, Toronto 
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NEW DESIGN DATA WILL ELIMINATE GUESSWORK 
IN PLASTICS MATERIAL SELECTION 


To design a product made of plastic a 
design engineer must select one material 
from literally hundreds of different 
plastics formulations. When adequate 
performance data is not available, he 
often must depend on guesswork and in- 
tuition to provide an ample safety factor 
when writing his material specifications. 
For example, the type of data readily 
available for most plastic materials is 
a single measurement of stress at a fixed 
time and strain (see fig. 1). This “quality 
control data” is helpful but usually not 
adequate. Going one step further, infor- 
mation is available on what we refer to 
as “screening data” which shows stress 
as a function of time at constant strain 
(see fig. 2). Yet this data offers no in- 
formation on the important influence of 


strain. 


Dow Plastics Technical Service Engi- 
neers, as a part of a continuing series of 
Plastiatrics studies, are conducting ex- 
periments which will provide more com- 
prehensive data. These studies will give 
plastics engineers design and engineer- 
ing data on stresses at several different 
strains and times (see fig. 3), and even- 
tually at several temperatures. 


Considerable data is already available 
on several Dow molding material formu- 
lations and others are being investigated. 
If you have an immediate problem, why 
not check with Dow to determine 
whether the application of this knowl- 
edge will answer your specific product 


design questions? 


For more information on this important 
work under way at Dow, write THE DOW 


CHEMICAL COMPANY, Midland, Mich., 
Plastics Sales Department 2101EX4. 


AMERICA’S FIRST FAMILY OF 
POLYSTYRENES 


GENERAL PURPOSE 


STYRON 666 
STYRON 689 (Easy Flow) 


MEDIUM IMPACT 


STYRON 330 (Easy-Flow Translucent) 
STYRON 777 


HIGH IMPACT 

STYRON 475 

STYRON 440 (Heat Resistant) 
STYRON 440M (Easy Flow) 
STYRON 480 (Extra-High Impact) 


HEAT RESISTANT 
STYRON 683 
STYRON 700 


FIGURE 1 


FIGURE 2 


FIGURE 3 


STRESS 


STRAIN 


STRESS 


STRESS 


STRAIN 


For controlling quality, a single measurement 
of stress (Point A) at some fixed time and 
strain within the elastic region could serve the 
purpose. 


Screening products for new applications 
usually requires more information. Thus, stress 
at constant strain could be determined at vari- 
ous times (line C-D). 


Design and engineering require more data at 
more conditions than described in figures 1 and 
2. Stresses (Points A-B-E-F) must be determined 
at several different strains and times. 


THE DOW CHEMICAL COMPANY + MIDLAND, MICHIGAN 


SPE JOURNAL, April, 1959 


28] 


APRIL 1959 
DOW'S CLINICAL APPROACH TO: HEALTHY PLASTICS APPLICATION 
| 
' 
e 
2 


ANOTHER NEW IMPCO 


Special Purpose Injection Molding Machine 
for Containerlike Molding 


MODEL CA30-75 


® 30-50 gram capacity ® separate injection and clamp 


hydraulic circuits 
® shock mounted control panel 
® photo electric recycling monitor 


® 30 molding cycles per minute* 


@ shut-off nozzle for pre-pressurized 
molding 
® simplified mold construction ® 75 ton clamp 


® built-in die and platen cooling © 9'4" stroke 
arrangement ® fully automatic 


*dependent on material and mold construction 


(HES IMPROVED MACHINERY INC. 


NASHUA - NEW HAMPSHIRE 


In Canada, Sherbrooke Machineries Limited, Sherbrooke, Quebec 
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POLYE 


HYLENE 


A series for plastics and packaging execulives by the makes; of PETROTHENE® polyethylene resins 
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Packaging Notes 


Packaging Show — The 28th Annual 
AMA National Packaging Exposition 
will be held this year at the Interna- 
tional Amphitheatre in Chicago, April 
13-17. Close to 400 companies will have 
exhibits at the show. More than 35,000 
visitors are expected from every state 
in the union, Canada and several dozen 
foreign countries. Exhibits will cover 
the entire range of the packaging in- 


dustry — machinery, materials, meth- 
ods, services, design and finished pack- 
ages. 


tunning concurrently with the Ex- 
position will be the AMA National 
Packaging Conference at the Palmer 
House, April 13-15. Conferees will hear 
discussion of such subjects as top man- 
agement appraisal of packaging, utility 
in package design and special problems 
in industrial packaging. 


last Packaging Exposition to be held at the 
International Amphitheatre, Chicago, was in 
1957. Show drew visitors from all over the world. 


U.S.1. exhibit at the Packaging Exposi- 
tion will feature a staff of technical 
experts to answer questions about poly 
film and packaging problems. As a sup- 
plier of polyethylene resins, 
frequently has been able to make suy- 
gestions that have saved packagers the 
necessity of making costly changes in 
their operations. Packagers are encour- 
aged to make use of this opportunity 
to discuss innovations in poly film pack- 
aging that have been developed in the 
past year. Also available at the exhibit 
will be new application and technical 
data on cast film. The 
will be at Booth No. 1133-113 


New dual dispensing squeeze bottle is a 
good example of polyethylene’s versa- 
tility. Poly bottle dispenses medication 
via calibrated dropper at one end; 
nozzle and valve at other end permit 
use as a squeeze spray. A removable 
base cap at the nozzle end enables the 
bottle to be stood on end in the medicine 
cabinet 


Farm produce is fresher when packaged 
in polyethylene liners, government re- 
searchers report. Cabbages stored in 
poly-lined crates were found to have 
lost less than one percent of their 
weight after a week’s storage. Drying 
out of cabbages stored in unlined crates 
over the same period resulted in a 
weight loss of 14 per cent. 


Cast Polyethylene Film Makes Big Gains 
As Ultra-Clear Packaging Material 


First Introduced by U.S.I. at Last Year's Packaging Show 


A year after it was first introduced to the industry by U.S.L., ultra-clear 
cast polyethylene film has firmly established itself as a leading trans- 
parent packaging material. Cast film is now being widely used to package 


produce, frozen foods, hosiery, even tor- 
tillas and tamales. As an overwrap, cast 
film is packaging bread, paper plates 
and towels, napkins, sheets and pillow- 
cases. Production of cast film, now 
about a million pounds a month, is ex- 
pected to triple by 1960. At time of in- 
troduction, cast film was produced only 
on laboratory scale. Now approximate- 
ly six film extruders are making cast 
film, and another six or eight have plans 
to produce the film within the year. 

Cast film has shown that it can com- 
pete successfully with the most popular 
conventional transparent films in clar- 
ity and gloss. And its price is lower 
than most. 


In just a year since its introduction by U.S.1., 
cast polyethylene film has firmly established 
itself as a leading transparent packaging mate- 
rial. It is now used to package hundreds of 
different consumer products. 


Polyethylene Quality Control — 


Melt Index Test Assures 
Uniform Molding Properties 


Melt index is used widely to indicate 
flow rate of a polyethylene resin. Uni- 
formity of melt index helps assure uni- 
formity of such other resin properties 
as production rate, low temperature 
flexibility and resistance to stress 
cracking. 

At U.S.I., melt index of every lot of 
PETROTHENE resin is determined in ac- 
cordance with ASTM method D1238- 
57T. The test in effect measures the 
amount of heated resin that is extruded 
through a standard orifice at a given 
pressure. The melt index of the resin 
sample is the weight in grams extruded 
in ten minutes. To insure uniformity 
within the same lot and from lot to lot, 
U.S.I. routinely measures the melt in- 
dex of separate samples taken from 
various points within each lot. 

Processors interested in details of the 
ASTM melt index test may obtain free 
copies of ASTM D1238-57T by writing 
the Editor, U.S.I. POLYETHYLENE NEWS. 


Uses Extrusion Coating Equipment 
Cast film, first announced by U.S.I. at 
the Packaging Show in April, 1958, is 
made by a different processing tech- 
nique than normally used in_ poly- 
ethylene film production. In the process, 
polyethylene is extruded and drawn or 
cast across a highly polished chrome- 
plated roll. This casting step greatly 
improves the optical characteristics of 
the film. An immediate and even 
quenching prevents the formation of 
haze-producing crystals in the matrix 
of the polyethylene, and the polished 
roll surface produces a glossy surface 
on the film. 

In making cast film, choice of resin 
is important. U.S.L.’s and customers’ 
experience has, in general, shown PETRO- 
THENE 205— with a density of 0.924, 
melt index of 3.0—to have optimum 
properties for making bags, and PETRO- 
THENE 239—with a density of 0.929, 
melt index of 5.0 —to be best for mak- 
ing overwrap film. Where special prop- 
erty combinations are desired, U.S.I. 
has a variety of other resins that can 
be used. 

Although the equipment needed for 
making cast film is initially more ex- 
pensive, production costs are competi- 
tive with those for conventional ex- 
truded film. Production speed is the 
same or greater. 


Tables Simplify Calculation 
of Film Thickness, Weight 


A new 8-page booklet prepared by U.S.I. 
enables processors to make quick, accu- 
rate calculations concerning gauge and 
weight of polyethylene film and bags 

The booklet contains simplified tables 
and formulas for solving such problems 
as average thickness of film or bag that 
can be expected when density, weight 
and dimensions are known; number of 
feet per pound of film that will be 
yielded by a roll of known thickness 
and width; number of bags of a given 
size and gauge that can be made from 
a pound of resin. 

Copies of the booklet, titled ‘“For- 
mulas and Tables for Polyethylene Film 
and Bags,” may be obtained by writing 
Editor, U.S.I. POLYETHYLENE NEWS, 
99 Park Avenue, New York 16, N. Y. 


DO YOU HAVE a new polyethylene packaging 
development you'd like the industry to know about? 
Make it routine to send your information on new 
developments to U.S.1. POLYETHYLENE NEWS. 


Address the Editor, 


S.1. POLYETHYLENE NEW U. §S. Industrial 
hemicals ( Division of National Distillers and 
Chemical Corn, 99 Park Avenue, “Yew York 16, N.Y. 


7 
— 
4 
| 
a” 
¥ 4 
\¥ 
| | 
| 
3 
| 


PETROTHENE 239-27 resin 


dented end gloss. 


CAST 


POLYETHYLEME 


In a single year cast polyethylene film has become a major pack- 
aging material. Frozen food, produce, bread, hosiery, sheets, 
towels, paper plates . . . even tortillas and tamales are now 
packaged in clear, tough cast poly film. Here’s why you offer 
your customers a better packaging material for their money 
when you offer them cast polyethylene film: 


CRYSTAL CLARITY — pETROTHENE® cast poly film has an ap- 
pearance equal to or better than any other transparent 
packaging film. What’s more it has a soft, natural flexi- 
bility that adds a look of quality to packaged goods. 


SUPERIOR PACKAGING PROPERTIES — prrroTIENE cast 
film has good impact and tear strength, high grease resist- 
ance and is an excellent moisture barrier. It heat seals well 
and is easily printed. Cast film handles well in overwrap 
machinery designed for conventional polyethylene film. 


ECONOMY — Your customers will pay less for cast poly 
film than for other flexible transparent materials—whether 
they figure costs per pound or per unit area of film. It is 
the most inexpensive transparent overwrap material your 
customers can buy. 


) EQUIPMENT 


Cast polyethylene film is made by a special process employing 
U.S.1. PETROTHENE resins. U.S.I. will be glad to furnish tech- 
nical assistance to extruders interested in manufacturing cast 
poly film. Contact your nearest U.S.1. office, or write: 


USTRIAL CHEMICALS CO. 


Division of National Distillers and Chemical Corporation 
99 Park Avenue, New York 16, N. Y. 
Branches in p-incipal cities 


inexpensive 
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PROGRESS IN URETHANES 


M. E. Bailey 
Allied Chemical Corp. 
National Aniline Division 


T HAS BEEN the custom in the past to think of 
I urethane polymers as materials which perform many 
functions unusually well, but at a somewhat special 
price. It is significant that recent reductions in the 
price of diisocyanates, a major component of urethane 
polymers, have permitted them to become competitive 
in price with the materials they out-perform. The pur- 
pose of this paper is to present the more significant, 
newer developments in various categories of these im- 
portant commercial polymers. 


Flexible Foams 

The use of flexible urethane foams in the furniture 
and automotive industry has grown to substantial pro- 
portions in recent months. It has been estimated that 
approximately 50,000,000 pounds of flexible urethane 
foam were sold in 1958, most of which was consumed 
by these two industries. In addition, a significant and 
growing amount is used as clothing interliners and in 
various household and novelty items. 

Automotive dash board padding was among the first 
important use of flexible urethane foam. Urethane was 


Figure 1. Construction of rigid ure- 
thane foam panel building at Naticnal 
Aniline Division. 
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selected for this purpose because a desirable low degree 
of resiliency, that is, a high capacity for absorbing 
shock, could be formulated into the material. By using 
different formulations, the foam could be made to re- 
semble eider down in cushioning properties without 
loss in tailored appearance. 

Perhaps the properties that have meant most in 
establishing acceptance for urethane flexible foams are 
tensile and tear strengths. In both of these properties, 
the degree of superiority is three or fourfold compared 
with more conventional foams. As a result, it is now 
possible to sew and hog-ring the foam directly to the 
support and avoid the use of special reinforcing mem- 
bers. In Fig. 2, the ability of foam to withstand con- 
siderable pull against the hog-rings is shown. 

Polyether type urethane foams are the most favored 
in the furniture and automotive industry. This pref- 
erence is based on the superior durability of polyethers 
in service, their more uniform compression-deflection 
characteristics as well as their lesser tendency to stiffen 
at low temperatures. 

There are those, however, who argue that polyesters 
are to be favored on the basis of cost. Such points as 
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Figure 2. Flexible urethane foam may be fastened by 
hog-ringing. 


these are used, While polyester foams 1.7 lbs.’ cu. ft. in 
density are not uncommon, few people talk about poly- 
ether type foams at less than 2 lIbs./cu. ft. as com- 
mercial products. Furthermore, it is asserted that poly- 
ester foams offer greater load-bearing capacity. The 
lower cost of polyethers themselves and the new de- 
velopment of one-shot polyether foam processes can 
do much to offset these factors. Which of the two types 
is cheaper depends upon a number of factors specific 


Figure 3. Contour cutting machine and 
a contoured polyester urethane foam. 


to the individual producer. The facts are that there is 
considerable volume of both types being sold today. 

An excellent way of controlling compression-deflec- 
tion properties of urethane foam is by use of the splitting 
machine manufactured by the Fecken-Kirfel Maschin- 
enfabrik. The machine as well as the type of cut made 
is illustrated in Fig. 3. The compression-deflection re- 
lationship for polyester foams can be made more linear 
by cutting to produce a coring effect, as shown in Fig. 
4. Similar effects can be obtained with polyether foams; 
however, in this case there is less need to do so since 
the changes in the curve occur more gradually. 

Considerable progress is being made on the develop- 
ment of techniques for molding urethane flexible foams. 
The incentive to mold is to avoid the large amount of 
scrap produced when slab stock is cut. A molded cushion 
is illustrated in Fig. 5. 


Rigid Foam 

Rigid urethane foams are especially useful for in- 
sulation from heat or cold, for absorption of sound, 
for flotation and as structural members. The property 
that has set these foams apart from other similar ma- 
terials is the fact that the user can foam them in place. 
Perhaps the most significant recent development is the 
use of halocarbons, particularly tricholoromonofluoro- 
methane, as blowing agents in the production of the 
foam. 

The more conventional way to blow urethane foams 
is through the action of water on the isocyanate to pro- 
duce carbon dioxide gas, coincident with the formation 
of the polymer. This may still be the choice in high- 
temperature applications. Since the process of forming 
the polymer is exothermic, it is also possible to expand 
the foams with low-boiling liquids. Trichloromono- 
fluoromethane is particularly useful, not only because of 
its boiling point (74.7°F) but also because it does not 
degrade the polymer. Since this halocarbon has a much 
lower thermal conductivity than carbon dioxide, lower 
K factors for the foams are possible. Values of 0.13 
BTU/square foot/hour/°F/ inch of thickness at an 
average mean temperature of 75°F are normally ob- 
tained. This value is about 50% better than that of the 
nearest competitive material. Refrigeration engineers 
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Figure 4. Compression deflection characteristics of con- 
toured polyester urethane foam. 


can, therefore, design for considerably more volume of 
refrigerated storage space in a given size available for 
the entire unit. 

In the construction industry, advantage can also be 
taken of this superiority in thermal insulating value 
to save space and reduce costs. In addition, many 
simplifications in methods of construction are afforded. 
Panels having a variety of facings can be produced by 
the foamed-in-place technique. The panels can then 
be joined together using this same technique, as illus- 
trated in Fig. 6. Likewise, by using the foamed-in-place 
principal, curved structures can be built to secure the 
improved strength of these shapes. Tests show that for 
sound absorption urethane foam is considerably superio: 
to materials normally used for this purpose. 

It is obvious that the chemistry of these systems has 
attained a high level of development. Recently, con- 
siderable attention has been paid to engineering meth- 
ods of application. Spray techniques are being per- 
fected. The problem of spraying downward onto a hori- 
zontal surface was not particularly difficult. By the use 
of special formulations it is also possible to spray on 
vertical and overhead surfaces (Fig. 7). 


Urethane Coatings 


It is not news to report that in proper combination, 
certain polyols and isocyanates yield surface coatings 
which possess unequaled resistance to abrasion and 
chemical attack. It is significant to say that success in 
achieving these results has not been uniform. The 
problem has been in the formulation of the composi- 
tion as well as in the application of the coating. 
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Figure 6. Pouring joints in rigid urethane foam panel 
structure. Insert shows detail of the joint. 
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Figure 7. Spraying tank with rigid urethane foam insu- 
lation, 
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While the available urethane coatings will do a 
number of jobs well, the formulator is not able to de- 
sign the system to do special jobs unusually well. Physi- 
cal as well as chemical resistance can be altered at will 
by the choice of the isocyanate and polyol components. 

The evidence is now substantial that urethanes re- 
quire at least as much care in application as do ordi- 
nary coatings. The surface must be clean and sufficient 
time must be allowed for cure before the coating is 
subjected to service, even though it may feel dry. One 
cannot expect to get good adhesion of a second coat 
to a complete cured film without first softening or 
scratching the surface. In addition to these usual pre- 
cautions, isocyanate coatings require proper attention 
to the influence of water. Too much water during the 
preparation of the vehicle will cause gelation. Too much 
or too little water when the film is laid down might 
account for an unexpected failure. Too much water 
on the substrate may cause poor adhesion. Too little 
water in the air could slow the cure. Usually the pre- 
cautions required to avoid these difficulties are not 
excessively restrictive. 

Urethane coatings fall into two general classes. In 
one class are those which cure in the film by reaction 
of isocyanate groups with active hydrogens. The active 
hydrogens are usually alcohol groups or wate! These 
coatings are classed isocyanate reactive coatings. Castor 
oil and various polyethers and polyesters are used in 
combination with diisocyanates and diisocyanate ad- 
ducts. Usually these coatings are formulated as two- 
package systems which cure at room temperature or 
one-package, blocked-isocyanate systems, which re- 
quire heat for cure. Of the two classes, isocyanate re- 
active coatings are more difficult to handle and give 
better properties 

Tests under way show that integrity of the film can 
be expected for periods of time in excess of two years 
against such substances as strong mineral acids, strong 
alkalis and aromatic and chlorinated aromatic solvents. 
In Fig. 8, a diisocyanate-castor oil coating is compared 
with a tung oil-phenolic spar varnish after 700 hours 
in the Weatherometer. The coatings can be designed for 
flexible or rigid substrates; they are finding application 
on metals, wood, glass fiber polyester laminates, fabrics, 
rubber and leather. 

Urethane oils constitute the other class of urethane 
coatings, These coatings cure by action of oxygen of 
the air on carbon-carbon double bonds. In this sense 
they are like conventional drying oils. They are pre- 
pared much like alkyds are prepared except that a 


288 


Figure 8. Comparison of urethane coating (right) and 
spar varnish (left) after accelerated weathering. 


diisocyanate is used in place of dicarboxylic anhydride. 
They can be designed to give high abrasion resistance, 
but their particular virtue is resistance to weathering 
when used as outside clear finishes on wood. They 
require no special techniques for application, are gen- 
erally less expensive than isocyanate reactive coatings. 


Adhesives 

Urethane adhesives are formulated much like isocya- 
nate reactive coatings. In some instances a_ single 
composition can be used for an adhesive or for a 
coating. Urethane adhesives do provide strong bonds 
between surfaces of various types. However, the value 
of urethane adhesives as compared with otner adhesives 
lies more in their shock resistance, durability and re- 
sistance to water and corrosive chemicals. 


Solid Elastomers 


The 100,000 mile urethane tire has not yet become a 
commercial reality. The technical problems remaining 
to be solved relate to bonding urethane polymers to 
ordinary rubber and to tire cord. Considerable growth 
is being witnessed, however, in other commercial appli- 
cations for urethane rubber. Shore hardness values all 
the way from 10 to 90 can be obtained by adjusting the 
formulation. In this way one obtains products having the 
toughness and chemical resistance typical of urethane 
polymers and with hardness characteristics ranging 
from gelatin to hard plastics. 


Current Trends 


The industry has shaken itself down mainly to two 
diisocyanates, TDI 80, tolylene diisocyanate and MDI, 
diphenylmethane-4,4’-diisocyanate, with two or three 
others playing lesser roles. The possible combinations 
of coreactant polyols have by no means been exhausted. 
Opportunities with polyamines have hardly been ex- 
plored. Another fertile field for research is the treat- 
ment of natural products with diisocyanates. 

In the case of flexible foams, there is considerable 
room for improvement in materials efficiency. A_ lot 
remains to be learned about the engineering features 
of making and applying urethanes. With these objec- 
tives in mind, large amounts of money are being spent 
on research and development by the suppliers of raw 
materials as well as by the producers of urethane 
polymers. 
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Diepoxides With Improved Properties 


Three new diepoxides expand the rance 
of epoxy applications. Reacted with an- 
hydrides, they give resins with physical 
properties and handling characteristics 
greater than previously available epoxies. 


Donald R. Beasley 
Union Carbide Chemicals Company 
Division of Union Carbide Corporation 


POXY RESINS have been in true commercial pro- that the resistance of cured resin to stress at elevated 

duction in the United States for a period of about temperatures increases as the functionality or the com- 
seven years. In this short time they have achieved an pactness of the anhydride increases. Pyromellitic dian- 
estimated 40 million pound year market. By 1960, the 
production of these new resins is expected to be in 
excess of 75 million pounds year. Epoxy resins are find- TABLE 1 
ing their way into more and more industries every day : 
because of their high strength, chemical resistance, lack 
of shrinkage on cure, and their ability to withstand 
with other older types of plastics, but also with metals 


and other non-plastic materials, For example, epoxies A cH i\ 
have replaced rivets and welding in the fabrication of cn 


one of our fastest jet bombers, the B-58 Hustler. 
Currently 95°) of epoxy resins are made by the re- 
action of epichlorohydrin and bisphenol A. Diepoxides 
with a variety of molcular weights from 358 to about 
6,000 are available. Some of these are shown in Table I. A cH 10: h 
The liquid resins have molecular weights below 1,000 oun 
and are used primarily for laminates, casting and elec- 
trical encapsulation. The highest molecular weight solid 
resins are used for making coatings—fatty acid modi- 
fied and other types. An epoxy resin from epichlorohy- 
drin and glycerol is used to some extent in the treat- IN R Q 
ment of textiles, but finds little use as a plastic because CH-CHCH,= dn 
of its poor moisture and temperature resistance. The . <H 
reaction of epichlorohydrin with low molecular weight 
phenolic resins (novolac) produces a solid resin with 
good high temperature properties. While this product 
is growing in favor, it has limited utility because of its 
difficulty in handling and curing. 
Now, the plastics engineer is constantly striving to 
produce improved epoxies with higher heat resistance 
for high temperature adhesives for missiles, binders for 
abrasive wheels, and other demanding applications on 
industry’s frontiers. 
Recent developments in high temperature epoxy re- 
sins have centered around the modification of carboxylic A A 
acid anhydride curing agents for glycidyl ethers of — O-CHAHLN 
bisphenol A. These studies have produced the concept 


Some of the available diepoxides having 
molecular weights between 358 and 6,000 


4 Digly« ether of bisphenol A leg “Ep 


Epoxy Novolac (eg Borden EN 2.6 or Bakeliie ERRB 0100 
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TABLE II 
Heat 
Distortion 
Temperature 
Resin Hardener °c 
Epoxide 201 Phthalic Anhydride 220 
Epoxide 201 Chlorendic Anhydride 250 
Dicyclopentadiene Maleic Anhydride/Polyol 300 
Dioxide 
Vinyleyclohexene Chlorendic Anhydride 250 
Dioxide 
Epon 828 Diethylene Triamine 100 
Epon 828 Methylene Dianiline 170 
Epon 828 Chlorendic Anhydride 195 
Epon 828 Phthalic Anhydride 130 
Epon 828 Pyromellitic Dianhydride 280 
Borden EN-2.6 Triethylene Tetramine 150 
Borden EN-2.6 Chlorendic Anhydride 210 
Borden EN-2.6 Methylene Dianiline 200 


Epon 1310 Methyl Nadic Anhydride 


TABLE Ill 
Mol Eq. Ratio 
Anhydride/ 


Epoxide 201 Weight Loss*, 


% 
0.6 7.0 
0.8 1.7 
1.0 1.2 
1.2 3.8 
14 14.0 


*Weight Loss after 8 hr. aging at 250°C 


hydride and chlorendic anhydride were developed com- 
mercially as curing agents illustrating these principles 
and leading to cured resins with high heat distortion 
temperatures. Except for modifications of the function- 
ality of glycidyl ethers, few data are available on the 
changes in softening points of anhydride-cured resins 
with different polyepoxides 

New ways of producing diepoxides that form truly 
novel and outstanding epoxy resins have been devel- 
oped. They are Epoxide 201, dicyclopentadiene dioxide, 
and vinyleyclohexene dioxide. These diepoxides will 
react with anhydrides to produce epoxy plastics which 
have handling characteristics and properties extending 
beyond what can be obtained from any other currently 
available epoxy resins. Epoxide 201, the most broadly 
useful of these new products, can conveniently be used 
to produce plastics for moderately high temperature 
service (200°C) Dicyclopentadiene dioxide cures to a 
plastic with the highest known service temperature 
properties (260°C +). Vinyleyclohexene dioxide can 
be cured with either anhydrides or amines to an epoxy 
plastic; however, to date it has received most interest 
as a reactive diluent (viscosity reducer) for convention- 
al epoxy resins. 

The effects of a variety of hardeners on both con- 
ventional epoxies and resins based on the new materials 
are shown in Table II. 
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Figure 1. Results of aging cured resins at 260 C and 
230 C for the optimum ratios of maleic anhydride and 
trimethylolethane. 


Epoxide 201 


The effect of various hardeners in producing high heat 
distortion temperature epoxy plastics from Epoxide 201 
has been demonstrated and reported before the Ameri- 
can Chemical Society in a paper by McGary, Patrick 
and Phillips. It is recognized that for most applica- 
tions, heat aging stability is as important as an initial 
high heat distortion temperature. Accordingly, work is 
now in progress to determine the relationship of formu- 
lation to heat aging properties. 

Phthalic anhydride is a relatively inexpensive hard- 
ener for Epoxide 201 and has been used to give mod- 
erately high heat distortion temperature (460°F) epoxy 
plastics. For this reason, phthalic systems were the first 
chosen for the heat aging of 44 x 1% x 4-inch bars with 
the results shown in Table III. 

While maleic anhydride-polyol systems with Epoxide 
201 have considerably lower heat distortion points than 
systems based on phthalic anhydride, the maleic sys- 
tems have been demonstrated to have less weight loss, 
even at the same elevated temperature. This phenome- 
non is believed to be due to a lesser tendency of maleic 
to revert to the volatile anhydride. 

As may be seen from data in Table III, the proper 
formulation is an important factor in obtaining the 
maximum heat aging stability. In this instance, the effect 
on heat aging stability is much more significant than an 
initial heat distortion temperature. These studies have 
also shown an improved stability when basic catalysts 
are not used in conjunction with anhydride hardeners. 
Where heat aging stability is not a critical factor, basic 
catalysts are sometimes used to speed cures and increase 
the effective ratio of hardener to Epoxide 201. 


Dicyclopentadiene Dioxide 


Dicyclopentadiene dioxide is a potentially inexpen- 
sive diepoxide which melts at 184°C. Despite the high 
melting point, the diepoxide is very soluble in near- 
stoichiometric quantities of certain hardeners such as a 
maleic anhydride-polyol system, and gives mixtures 
which are liquid at or near room temperatures. 

The addition of a third component, a polyol initiator, 
to mixtures of dicyclopentadiene dioxide and maleic 
anhydride increased the rate of cure markedly. Certain 
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catalysts such as benzyldimethylamine and_ stannic 
chloride are effective in further increasing the reactiv- 
ity of the system. Resins derived from 0.8 maleic anhy- 
dride carboxyl equivalents and 0.2 hydroxy] equivalents 
have good thermal stability at temperatures up to 260°C 
and resist stress at temperatures of 300°C, The low vis- 
cosity, long pot life, and high reactivity at 100°C to 
120°C of the monomer mixtures together with the good 
physical properties of the cured resins at elevated tem- 
peratures should be ideally suitable for high tempera- 
ture applications. 

The results of aging cured resins at 260°C and 230°C 
are given in Fig. 1 for the optimum ratios of maleic 
anhydride and trimethylolethane. The unfilled resin 
specimens lost about 10°, weight after 100 hours at 
260°C and thereafter lost approximately 2.5°%, weight 
per 100 hours of exposure. Although the resins dark- 
ened at this temperature the general appearance and 
strength was maintained throughout the 400 hour aging 
period. The heat distortion temperature was determined 
at each point and was greater than 295°C, which was 
the temperature limit of the instrument utilized for 
testing. Filled resins and glass laminates lost much less 
weight since the fillers and glass were essentially inert 
at these temperatures. At 230°C, the resin specimens 
darkened, but still had excellent retention of dimension- 
al and mechanical properties. It is apparent that these 
resins, which have excellent thermal stability at 260°C 
and resist stress at 300°C, are ideally suitable for high 
temperature applications. 

The physical properties of glass laminates prepared 
by standard wet lay-up techniques are given in Table 
IV. The resin was prepared from 0.5 maleic anhydride 
equivalents and 0.33 glycerol-hydroxyl equivalents per 
epoxide equivalent and was cured for one hour at 
325°F and for six hours at 400°F. The retention of 
flexural strength at 500°F is particularly significant in 
view of the mild curing conditions employed. A similar 
laminate having a flexural strength at 500°F of 37,500 
psi was aged for 192 hours at 500°F and then had a 
flexural strength of 22,000 psi. This low percentage loss 
is particularly encouraging since our laminates were 
prepared without the benefit of a laminating press. 
It is expected that improved laminating techniques will 
give even more outstanding results. 


TABLE IV 


Physical Properties of Glass Laminate 
Tensile strength, psi 50,300 
Tensile modulus, psi 3.29 x 10° 
Edgewise compressive strength, psi 62,700 
Compressive modulus, psi 4.10 x 10° 
Flexural strength, psi 

Room temperature 
300 F 
400 
500 °F 


74,700 
66,400 
67,800 
47,100 


Vinylcyclohexene Dioxide 


One of the problems in formulating truly heat resist- 
ant epoxy resins in the past has been the unavailability 
of reactive diluents that did not adversely effect the 
heat resistance of the finished plastic. Materials which 
were fluid enough in general contained only a single 
epoxy group attached to a long hydrocarbon chain. Such 
materials weakened the basic epoxy structure. A very 
fluid diepoxide, vinyleyclohexene dioxide, is available. 
Table V shows that epoxy resin viscosities can be re- 
duced from 19,500 to 4300 centipoises at 23°C by the 
addition of only 10°, vinyleyclohexene dioxide. Addi- 
tion of 30°; of vinyleoyclohexene dioxide will reduce 
the viscosity to 442 centipoises. Again, being a diepoxide, 
vinyleyclohexene dioxide effectively reduces viscosity 
without the usual lowering of heat distortion tempera- 
tures as shown in Table V. 

Vinylcyclohexene dioxide is unique among diepoxides 
in that it is a solvent for many solid anhydrides and 
will cure rapidly. With chlorendic anhydride liquid room 
temperature formulations are possible which, after cur- 
ing 2 hours at 120°C followed by a post cure of 2 hours 
at 200°C, have heat distortion temperature in the 250°C 
range. Chlorendic anhydride is of particular interest 
because of its flame retardant properties. 


TABLE V 
Vinylcyclohexene Dioxide 
Reactive Diluent for the Diglycidy| 
Ether of Bisphenol A 


Viscosity of 
Epoxy Mixture 


Cps., 23°C 

0 19,500 

10 4,320 
20 
30 
40 
50 
60 
100 


(a) Mixed with Bakelite ERL-2774 (diglycidy! ether of bisphenol A) 


Wt. © Vinylceyclohexene 
in Epoxy Mixture ‘*’ 


(b) Hardened with Bakelite polyamine ERL-2793 
(c) Resins post cured for six hours at 160°C. 


(d) Gelled at room temperature over a 48 hour period 


Barcol 
Hardness 


Heat 
Distortion, 


C 
111 
109 
110 
108 
110 
108 
109 
116 


Gel Time 


Min. 50°C 
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The Future of 
Engineered 
Molecular 
Structures 


ISCOVERIES during the past five years in the 

field of macromolecular chemistry permit the 
chemist to build molecular structures possessing a high 
degree of regularity and to order the elements consti- 
tuting them (the monomeric units) according to a 
predetermined pattern. This was not possible in the 
past—particularly where asymmetric units were in- 
volved 

Furthermore these same discoveries permit the 
chemist to build up molecular structures by grouping, 
according to a pre-established plan, constituent units 
(monomers) of different types. This enables him to 
obtain valuable end products from much cheaper raw 
materials (petroleum, for example) or to obtain prod- 
ucts of a superior quality from starting materials which 
heretofore could not be completely upgraded. 

Consequently today, these new discoveries are being 
worked out in a great many pilot and commercial 
plants in Europe, Asia, the United States. I believe that 
in less than ten years, world consumption of only one 
of these new discoveries—isotactic polypropylene—will 
be in excess of one million metric tons per year. Prod- 
ucts will include plastics, transparent films, and textiles. 

Plastics: Certain amorphous polymers such as high- 
impact polystyrene and polyvinyl-chloride widely em- 
ployed today, and even polyethylene—which are unable 
to tolerate temperatures higher than 80°-90°C (176 - 
194 F) will undoubtedly be outperformed by crystalline 
isotactic polypropylenes and similar new materials whose 
use temperature may group to 600°F. The crystalline 
isotactic polypropylenes have one-eighth the specific 
gravity of iron but can reach, in the oriented state, a 
tensile strength approaching that of steel! Thus we'll 
he able to produce cheap molded items sterilizable by 
steam for use in an industry such as canning. The low 
production costs of these new, crystalline plastics, thei: 
heat resistance, lightness, easy workability, hardness, 
good mechanical properties, attractive colors, will en- 
able man to extend their fields of use tremendously. 

Films: Transparent isotactic polypropylene films 
particularly those which are oriented by-directionally 
will, because of their light weight, high gloss and trans- 
parency, excellent mechanical properties, and low cost, 
assume an importance much higher than that of any 
other plastic film heretofore used. Thus new films of 
this kind possessing the same mechanical strength as 
conventional polyethylene films today, will be half thei: 
weight and have higher transparency. 

Textile Fibers: Our ability to regulate the stereo- 
specificity and molecular weights of materials now en- 
ables us to produce isotactic polypropylene textile 
fibers having high mechanical characteristics. These 
new textile materials are excellent and can be blended 
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The polymer chemist is now an architect capable 
of planning and building materials having pre- 
established forms, dimensions and properties. 


Giulio Natta 


Polytechnic Institute of Milan 


with great success with both wool and cotton. Different 
types of molecular structures are used to blend with 
different materials. Polypropylene monofilaments lighter 
than water possess superior elastic properties and a ten- 
sile strength equal to nylon. The fact that both staple and 
monofilaments are made from an inexpensive starting 
material (propylene) which costs only a few cents per 
pound and that the polymer is spinnable directly by ex- 
trusion in the molten state, will permit the textile 
industry to produce these fibers at a cost lower than any 
present day synthetic fiber and even lower than today’s 
price of cotton. Plans have already been announced by 
Montecatini, for example, to produce such fibers com- 
mercially at its plant in Terni, Italy. 

Revolutionary innovations can also be expected in 
the field of synthetic rubbers and elastomers. Cis 1-4 
polyisoprene, for example, possesses about the same 
properties as natural rubber but its large scale use will 
depend on whether it will be possible to reduce the 
cost of the monomer, isoprene, to make it competitive 
with butadiene Highly pure cis 1-4 polybutadiene 
(which crystallizes under stretching as natural rubber 
does) gives vulcanizates with high mechanical proper- 
ties even in the absence of fillers. Here is a product 
destined to immediate application because it can be 
blended with natural rubber. In comparison with natural 
rubber, however, it represents higher abrasion resistance 
and better elastic properties at very low temperatures. 

But completely new types of rubbers are on the way. 
These will surely reach commercial success since they 
are made from very low cost starting materials (ethy- 
lene and propylene, for example). These new elastomers 
show elastic properties much higher than any other 
known saturated synthetic rubbers, plus higher abrasion 
resistance and resistance to oxidation. In the years to 
come there will surely be a clear predominance of 
synthetic rubbers to natural rubbers and this natural 
product will slowly follow the road of other natural 
products such as dyestuffs and silks. 

Finally, some of the most recently developed isotactic 
crystalline polymers of aromatic monomers and of 
monomers containing oxygen, nitrogen etc., as well as 
di-isotactic polymers now in the laboratory stage will 
undoubtedly find practical applications in the near 
future not withstanding the expected higher cost of 
their starting monomers. 

We are at the beginning of a new era in our 
chemical century. The macromolecular chemist can now 
be considered an architect able to build thru planned 
engineering molecular structures having pre-established 
forms, dimensions, and properties. 


~ * * 
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FASTER CURE 
Through Hotter Electronic Preheat 


A.J. Guzzetti and R.L. Wechsler 
Union Carbide Plastics Co. 


Development Laboratories 


SK ANY MANUFACTURER if he would be in- 

terested in a new process that would cut produc- 
tion costs, and the answer would undoubtedly be yes. 
If, however, at the same time, the quality of the product 
was improved, the answer would be yes indeed. Such 
a process for molding was reported about 15 years ago 
(Refs. 1, 2). It was then established that significant 
reduction in the molding cycles of thermosetting ma- 
terials was possible with high-temperature electronic 
preheating. 

Since that time, electronic preheating has gained 
wide acceptance for molding phenolics and other ther- 
mosetting materials in semi-automatic processes and, 
more recently, in fully automatic processes involving 
integration of automatic preheater and automatic mold- 
ing presses. That many shops still use undersize pre- 
heaters and slow preheating and transfer cycles, how- 
ever, demonstrates that many molders are not fully 
aware of the advantages offered by high-temperature 
preheating or of ‘the factors involved in achieving these 
advantages. 

This paper will illustrate, on the basis of extensive 
laboratory investigation, the extent to which hotte: 
preheat permits reduced molding cycles and will discuss 
the factors limiting the maximum preform temperature 
usable. It should be mentioned that the values given 
are intended to indicate the general nature of the 
results obtainable and are not to be applied specifically 
to any molding operation. 


Effect of Preform Temperature on Cure Time 


Fig. 1 shows the effect of preform temperature on 
cure time for two molded pieces with maximum sec- 
tion thicknesses of 42”. Minimum Blister Free Time 
(MBFT) is used in this paper as a measure of molding 
cycle, although in actual practice factors such as ap- 
pearance and hot rigidity may require a longer molding 
cycle than would be needed to produce a blister-free 
piece. It may be seen from the graphs that MBFT 
decreases sharply as preform temperature is increased. 
This general relationship, which is chemically depend- 
ent, applies to both plunger and compression molding: 
only specific details of the graphical plot, such as the 
slope of the curve, differ from job to job. For example, 
raising the temperature from 215° to 310°F resulted 
in an 83‘, decrease in MBFT for one piece and a 70° 
decrease for the other. It follows from the data pre- 
sented that to get the fastest cures, the hottest possible 
preheat temperatures should be used. 

The sharp decrease of MBFT with temperature is a 
result of two main factors. One: when the resin is 
subjected to a high temperature it reacts faster chemi- 
cally. The acceleration is predictable from a rule of 


This paper is based on a talk given before the Newark Section 
f SPE 
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thumb of chemical kinetics which states that chemical 
reactions double in rate for every 10°C rise in tem- 
perature. Two: at elevated temperatures the resin be- 
comes less viscous and consequently results in quicker 
maximum conformity to the mold. This faster flow of 
material permits the mold to close more quickly, and 
in closing quickly exposes the material to the maxi- 
mum heated surface area in the shortest time. The 
graphical plot of cup closing time versus preform tem- 
perature, shown in Fig. 2, illustrates the significance 
of flow in the molding operation. As the preform tem- 
perature is increased above 100°F the material is 
softened and consequently the cup mold is able to close 
more quickly. The softening effect becomes more and 
more pronounced as the temperature is increased, until 
the mold is being closed at the maximum speed of the 
machine. In this case, for example, preheating from 
room temperature to 250°F reduced closing time from 


30 seconds to 1 second. 


Effect of Other Factors on Cure Time 


Because phenolics are poor thermal conductors, heat- 
ing of the material is a critical aspect of the molding 
cycle. The problem is particularly intensified in pieces 
with thick sections. By the use of relatively high pre- 
form temperatures, reductions in molding cycle of as 
much as 75°, have been effected for thick-section pieces. 
Fig. 3 shows the variation in MBFT with preform tem- 
perature for compression- and plunger-molded (mold 
temperature of 335° F) pieces of varying thicknesses 
molded from the same batch of general-purpose phe- 
nolic. Cross sections of these pieces are illustrated in 
Fig. 4. The plots show that significant reductions in 
MBFT were obtained for all pieces, but that the effect 
of preform temperature was greatest with the thickest 
pieces as evidenced by the steep slopes obtained with 
pieces 3 and 5. 


GENERAL-PURPOSE PHENOLIC - 
PLUNGER MOLDED- "THICK 
x COMPRESSION MOLDED- “THICK 


MINIMUM BLISTER FREE TIME (sec) 
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1. Minimum blister free time vs preform temperature. 


993. 


* 
i 
me 
are 
per 
4 
a ‘ 
100 ] 
80 4 7 
50 
wid 
40 
20° 
oO: 


Studies were also made of the relationship between 
mold temperature, preform temperature, and MBFT by 
the plunger molding method. Tests were run at 315°F 
and 355°F mold temperature, in the range of preform 
temperatures from about 200°F to the maximum at 
which the mold could be filled. Injection pressure and 
preheat time were held constant at 16,000 psi and 60 
seconds. It was found that increasing mold temperature 
resulted in a substantial reduction in MBFT at the 
lower preform temperature and that the difference 
became smaller as preform temperature was increased. 
The data obtained in the experiments are plotted in 


Fig. 5. 


How to Attain Hotter Preheat Temperatures 


Having discussed the benefits derived from hotter 
preheat, the question is how to make good moldings 
with high preform temperatures. High temperatures 
can be achieved by the following means: 

1. Higher pressures 
2. Quick heating and transfer 
3. Uniform heating 
1. Fast-acting machines 


Higher Pressures 


Fig. 6, curve A, shows a plot of preform tempera- 
ture vs. minimum injection pressure obtained with a 
general-purpose phenolic in a plunger mold. As a 
thermosetting material is heated, two opposing effects 
take place simultaneously. One is physical—thermal 
softening, and the other is chemical—hardening. During 
the initial increase in preform temperature the former 
effect is dominant, and the net result is the softening 
of the material. In this region, pressure requirements 
to fill the mold decrease as the material is heated. As 
the temperature is raised further, chemical hardening 
becomes more pronounced until it balances the effect 
of the softening. At this point pressure requirements 
are at a minimum. At higher temperatures the effect 
of hardening predominates, and increased pressures are 
required to fill the mold. 

Fig. 6 also contains a plot of MBFT versus preform 
temperature (curve B) obtained at a fixed injection 
pressure of 15,000 psi. So far as cure (or MBFT) is 
concerned, only one effect is important—that of chemi- 
cal hardening. And to obtain the fastest rate of harden- 
ing, the hottest preform temperatures should be used. 
An examination of the two curves in the figure shows 
that in order to use the hottest preform temperatures, 
and thereby obtain the fastest cures, it is necessary 
to operate at the highest possible pressure in order to 
fill the mold. 

A side effect of the use of high pressures is that heat 
is generated in the material by mechanical working. 
In the case of plunger molding, high pressures are 
very helpful as each 1000 psi pressure drop in going 
through the gate heats a general-purpose phenolic 
approximately 6°F. 


Heat and Transfer Quickly 


The curve of injection pressure versus preform tem- 
perature in Fig. 6 was plotted at a particular rate of 
heating the material and transferring it from preheater 
to mold. By changing either the preheating rate or the 
transfer time, the shape and location of the curve, as 
well as the cure speed attainable, can be markedly 
altered. 

A series of experiments was devised to determine 
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the effect of preheating rate and transfer time on 
minimum pressure to fill and MBFT. Transfer time 
is the time which elapses from the instant the preheater 
is shut off to the point at which the mold is filled 
and includes both material handling and machine action 
time. In the experiment which was run in a plunger 
mold the minimum pressure to fill was determined over 
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Fig. 2. Cup closing time vs. preform-temperature. 
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Fig. 4. Cross sections of various molded parts. 
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a range of preform temperatures, first with very rapid 
preheat, transfer to pot and injection, and then with 
each of these steps, in turn, carried out more slowly. 
Only one variable was changed at a time in order 
that the effect of each might be clearly determined. 
When desired, preheat temperature was varied with- 
out altering preheat time by changing the electrode 
height. The results are shown graphically in Fig. 7. 

Increasing preheat time from 15 to 60 seconds, as 
illustrated in curves A and B, resulted in only a slight 
reduction in maximum preform temperature, (the 
maximum temperature to which the material could be 
heated and still fill the mold at a given injection pres- 
sure). Increasing injection time from 1.5 to 6 seconds 
resulted in a marked reduction in maximum preform 
temperature (curves B and C): and lengthening the 
time to transfer the preforms from preheater to pot 
from 5 to 15 seconds resulted in a further large reduc- 
tion in maximum preform temperature (curves C and 
D). 

The MBFT’s and total cycle times (exclusive of mold 
open time), obtained at 15,000 psi and maximum pre- 
form temperatures at each of these operating conditions 
are shown in Table [. 


TABLE | 
Condition A B i D 
Preheat Time, sec. 15 60 £60 ~~ 60 
Maximum Preform Temp., °F 305 302 278 248 
Time Cycle of Operations 
Transfer preforms from pre- 
heater to mold and run 


plunger down*-sec. 5 . 5 15 
Inject material, sec. 150 6 6 
Minimum cure in mold _ to 

eliminate blisters, sec. 11 13 22.5 28.5 
Total cycle exclusive of mold 

open time 17.5 19.5 33.5 49.5 


“Plunger run down constant at 1.5 sec. 


Note that slower preform transfer from preheater to 
mold and slower injection each had a double effect on 
total cycle time, the longer time required to perform 
this step in the process and the longer cure time re- 
quired by virtue of lower allowable preform tempera- 
ture. 

The changes in MBFT observed in this experiment 
were not so great as were noted when MBFT was 
determined over a range of preform temperatures un- 
der conditions of constant preheat, transfer, and injec- 
tion times. This may be seen by comparing the MBFT’s 
of Table I with curve B of Fig. 7 which is a plot of 
MBFT versus preform temperature obtained at 15,000 
psi injection pressure, 60 seconds preheat, 5 seconds 
preform transfer to pot, and 1.5 seconds injection time. 
The difference between the two sets of data is a meas- 
ure of the amount of cure that took place between 
the end of preheating and the point where mold fillout 
was obtained. The data indicates that the higher pre- 
form temperatures permitted by faster transfer times 
are much more effective in reducing the cure time 
than in allowing the material to sit (and cure) at some 
lower temperature outside the mold. Practically then, 
the fastest cures are obtained with the fastest transfer 
time. Ideally the transfer of preforms to the mold 
should be done by machine to insure both precise and 
quick operation. 

Economics play a major role in the question of how 
fast preforms should be heated. In general, the pre- 
heating rate must be at least fast enough to permit 
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preheating to the maximum preform temperatures at 
which good pieces can be molded in a time short enough 
to allow the preheater to keep pace with the molding 
press. Faster preheat than this results in still further 
reductions in cycle time, but at the expense of larger 
capacity equipment. 

Faster preheating can be achieved in several ways 
(Refs. 3 to 5): 

1. The use of higher frequency preheater results in 
an increased heating rate, providing the preheater is 
of sufficient capacity. Some machines are now being 
built with frequencies in the range of 80 megacycles 
and higher, approximately three to four times that of 
older equipment. 

2. Heaters of adequate capacity should be employed. 
For general-purpose phenolics the power input required 
to raise the temperature of a charge at a particular 
rate is given approximately by the formula 


P=6x10° RW 
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Fig. 5. MBF T at mold temperature of 315 and 355 deg. 
F. 16,000 psi injection pressure, 60 seconds preheat time. 
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Fig. 6. Minimum injection pressure & minimum blister free 
time vs preform temperature. 
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where P is the power input to the material in kw 
R is the heating rate in °F/min. 
W is the weight of the charge in lbs. 
For example, for a heating rate of 250°F/min. the power 
required for a pound of material is approximately 1.5kw. 
3. Thinner layer preforms may be used with closer 


electrode spacing provided, again, that the preheater 


is of sufficient capacity and that arcing is not en- 
countered. 


Heat Uniformly 


It is not enough to simply heat and transfer quickly. 
These operations must also be done uniformly for 
optimum results. 

It was shown in Fig. 6 that to obtain the fastest possi- 
ble cures it was necessary to use maximum preform 
temperature and pressure. This point of maximum oper- 
ation is shown in point A on Fig. 8. This point is an 
ideal operating point. However, since there is always 
some variability in preform temperature it is not practi- 
cal to operate at these conditions. In actual practice it 
is necessary to operate at some lower average tem- 
perature (point B) so that those charges heated hotter 
than average can still be pushed into the mold. Since 
there is also a variation of temperature on the low 
side, the cure time must be adjusted so that charges 
heated less than the average are not undercured. Thus, 
the cycle is actually determined by the minimum tem- 
perature in the variable temperature range, e.g., in 
this case with a +10°F variability, operation is 20 
lower than the ideal point (or at the temperature de- 
fined by point C). The data of Fig. 8 show that the 
variability in preform temperature has an important 
effect in determining minimum cycle time. It should 
be noted that minimum cure time with a *+10°F vari- 
ability in preform temperature results in an increase 
of 10 seconds (59°) in cure time over that of the 
ideal point 

There are several rules to be followed’ to achieve 
uniform heating. 

1. Line voltage should be constant. Where voltage 
fluctuates, a voltage regulator or other device, such 
as an automatic shutoff, should be incorporated into 
the equipment. 

2. Electrodes should be parallel. 

3. The preforms should be hard, uniformly dense and 
of uniform thickness, preferably rectangular, and placed 
on their side 

1. The preforms should be placed carefully in the 
preheater so that they are as close as possible to the 
center of the electrodes 

5. If the preheater has a sufficiently high frequency, 
a large air gap can be used, thereby damping out varia- 
tions in preform thickness. It should be emphasized 
here that although good control in all aspects of mold- 
ing are important, in the high preform temperature 
range operations become critical, and hence, molding 
variables must be carefully controlled. 


Fast-Acting Machines 


We have seen that to get the fastest possible cures 
we must use the highest preform temperatures. And 
to use the highest preform temperatures we must use 
high pressures, and must heat and transfer preforms 
quickly and uniformly. To complete the formula, we 
should also use fast-acting machines. 

It was shown in the discussion of Fig. 7 that the 
time which elapses between the end of preheating and 
the point where the mold is filled is important in de- 
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termining the maximum preform temperature and, con- 
sequently, cycle time. It follows that fast-acting ma- 
chines by reducing this time will increase the maximum 
preform temperature that can be used, and therefore 
speed cycles. Faster closing of the mold in compres- 
sion molding or faster injection in plunger molding 
will also increase the work done with consequent in- 
crease in temperature of the material. A further con- 
sideration is that with the shorter cycles obtained with 
the optimum use of high frequency preheating, the 
mold closing-mold opening times become an appreciable 
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Fig. 8. Minimum injection pressure & minimum blister free 
time vs preform temperature. 
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Semple Material 
a BMG-5000 Grade 9 
b BMG-5000 Grade 9 
c BMG-5000 Grade 6 
d BMG-5000 Grade 6 


TABLE Il 


Temperature MBFT Appearance 
295° F 20 Good 
323°F 12 Poor 
274°F 31 Good 
298° F 18 Poor 


Preform 


fraction of the overall cycle and it is desirable to keep 
this to a minimum. 

If the concept of the use of fast-acting machines is 
extended to its logical conclusion, that of automatic 
operation, reductions in overall cycle time, often far 
greater than expected, are obtained. 

To illustrate, the Deleo Remy Corporation, based on 
their own laboratory work, developed a method using 
an automatic horizontal plunger molding machine in 
which preforms were fed by a vibrator from an auto- 
matic high-frequency preheater. With this method, 
pieces with wall thicknesses ranging from 3/16” to 5/16” 
were molded on total cycles not exceeding 30 seconds, 
of which cure is about 18 seconds. 


Appearance of Pieces 

When high-frequency preheating is used in molding 
processes to achieve maximum temperatures, pieces of 
perfectly acceptable mechanical properties but poor 
surface appearance may be obtained. Where this occurs 
appearance rather than mold fillout becomes the limit- 
ing factor in determining the values of the molding 
variables. Fig. 9 shows a schematic representation of 
the effect of pressure and preform temperature on ap- 
pearance in a plunger mold. In the region of high pre- 
form temperature before shorts are encountered, there 
is a band of poor surface appearance. The molder should 
aim at operating in the region immediately to the left 
of this band in order to get good pieces while still 
benefiting from the advantages of high frequency pre- 
heating. 

Examples of plunger molded pieces with acceptable 
and poor surfaces are shown in Fig. 10; the conditions 
of molding are listed in the Table II. 

The data show that lowering the preform temperature 
by an average of 26°F produced pieces of good ap- 
pearance where poor ones had been obtained before 


Conclusion 


The laboratory and commercial data presented in 
this paper show conclusively that fast and uniform 
preheating and transfer of charge coupled with fast- 
machine action can result in much faster cycles than 
those presently being obtained. Table I shows the ex- 
tent of improvements which can be obtained indicating 
that the cycles can be reduced by as much as two- 
thirds (A versus D). With higher preheating tempera- 
tures and high-speed presses, it is possible to obtain 
molding cycles for thick pieces that are as fast o1 
faster than injection molding thick pieces. 
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Formulating a Castable Polyurethane 


Using commercially available materials, a castable polyure- 
thane elastomer can be formulated which has outstanding ther- 
mal-shock resistance. It is made from an isocyanate-terminated 


prepolymer and 


cured with an 


amine/polyol mixture. 


A.J. Quant 


Sandia Corporation 


ASTABLE POLYURETHANES have been avail- 

able to those concerned with plastic encapsulation 
for the past decade but have failed to achieve wide- 
spread usage even now. However, in the past year, a 
superior diisocyanate prepolymer, Adiprene-L, has be- 
come commercially available from the Du Pont Com- 
pany. This material, when cured with proper hardeners, 
yields an embedment resin of outstanding thermal- 
shock resistance. In general, the physical properties of 
this castable elastomer are excellent and yet the chief 
processing difficulties associated with previous poly- 
urethanes, toxicity and moisture sensitivity, have been 


minimized 


+ HO(CH,CH,CH, CH, 0), CH, CH, CH,CH, ——— 


butylene oxide polyglycol 


diisocyanate 


HO 
N-C-OCH,CH, CH, CH, (OCH,CH, CH, CHa), o-| 


H-N-C-O(CH, CH, CH2 CH, O), CH, CH, cH, CH, O- | -C-N-H 
n 


Adiprene-—| 


It is the intent of this paper to make information 
available on a particular Adiprene-L formulation which, 
it is felt, offers promise where an extreme!y thermal- 
shock-resistant embedment resin is required. This 
formulation was derived from a_ study establishing 
optimum properties consistent with reasonable proc- 


essing characteristics. 


BACKGROUND 
Resins 


Early polyurethanes were formu- 
lated directly from diisocyanates and 
polyols. A specific example of this 
is a resin developed at Princeton 
University, designated COPU (Cas- 
tor Oil-Polyurethane), in which 2, 
1-tclylene diisocyanate and castor 
oil were the respective constituents. 
However, working directly with the 
extremely reactive diisocyanates 
imposes processing difficulties be- 
cause of their toxicity and moisture 
sensitivity. 

In Adiprene-L, these difficulties 
have been largely eliminated by 
prereacting 2, 4-tolylene diisocya- 
nate with a 1, 4-butylene oxide 
polyglycol to approximately 2000 
molecular weight. This prepolyme: 
is a straw-colored liquid having a 
viscosity of 14,000 to 19,000 centi- 
poises and is nontoxic and only 
moderately moisture-sensitive. 


Hardeners and Reactions 


Any compound with sufficient 
labile hydrogens can theoretically 
cure Adiprene-L to a cross-linked 
polymer. Practically, however, such 
compounds are limited to pri- 
mary diamines and polyols. Amines 
yield tough elastomers with ex- 
cellent properties, but the pot life 
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of such systems is extremely short; polyols yield softer The following reactions are those encountered in the 
elastomers with reduced properties, but with greatly curing of isocyanate-terminated prepolymers with the 
improved pot life. curing agents described. 


H H H H H 


diisocyanate diamine 


c-0 H c-0 
H- 


isocyanate 


C-N 
H 


diisocyanate a urethane 


SLOW 


ditsocyanote ao urethane 


NO REACTION 


isocyanate urethane 
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EXPLORATORY FORMULATIONS 


Secant’ Secant’ Shore ‘A’ 
modulus modulus hardness Graves' 
Ultimate’ Ultimate” to 10% to 100 10-sec. tear 
tensile elongation elong. elong. inst. delay strength 
Formulation 

psi psi psi pli 
Amines 
Me —— 3430 340 2600 950 87 85 305 

1. 1.00 eq Ad-L 100 gm 
=a 0.82 eq MOCA 11 gm 


Amines Plus Polyols 
Triols 
2. 1.00 eq Ad-L 100 gm 

0.60 eq 11-80 14 gm 1240 340 1270 445 77 74 145 

0.33 eq MOCA 15 gm 


1.00 eq Ad-L 100 gm 
0.60 eq 11-200 54 gm 700 185 640 255 63 
0.33 eq MOCA 1.5 gm 


te 


1.00 eq Ad-L 100 gm 
0.50 eq 11-200 15 gm 1045 510 860 330 67 62 150 
0.41 eq MOCA 3.9 gm 
Wie 5. 1.00 eq Ad-L 100 gm 
0.40 eq 11-200 36 gm 1490 160 1375 450 74 70 165 
Z 0.48 eq MOCA 6.6 gm 


Diols 


7.00 eq Ad-L 100 gm 
0.40 eq P-425 9 gm 3155 595 2000 590 79 75 275 
3 0.48 eq MOCA 6.6 gm 
- 1.00 eq Ad-L 100 gm 
¢ 0.40 eq P-750 15 gm 2750 565 1820 540 77 73 250 
i 0.48 eq MOCA 6.6 gm 
| 1.00 eq Ad-L 100 gm 

0.40 eq P-1200 24 gm 1310 630 1400 400 73 68 225 
f 0.48 eg MOCA 6.6 gm 
: 1.00 eq Ad-L 100 gm 
+ 0.30 eq P-1200 18 gm 2690 600 1870 555 79 74 250 
y* 0.57 eg MOCA 7.7 gm 
Polyols 

Triols 

a 10. 1.00 eq Ad-L 100 gm 175 235 325 250 55 54 45 
1.00 eq HTO 1.5 gm 

1.00 eq Ad-L 100 gm 650 300 375 235 60 57 50 
1.00 eg TMP 1.7 gm 
i 1.00 eq Ad-L 100 gm 555 380 290 170 43 41 40 
ae 1.00 eq 11-80 23.3 gm 
Triols plus Diols 

} 13. 1.00 eq Ad-L 100 gm 

0.60 eq 11-80 14 gm 1340 645 280 105 38 32 85 
0.40 eg PDO 2.1 gm 
1.00 eq Ad-L 100 gm 
0.60 eq 11-80 14 gm 945 625 240 80 37 25 65 
0.40 eq P-425 9 gm 
1.00 eq Ad-L 100 gm 
0.60 eq HTO 2.7 gm 680 120 220 155 45 40 60 
0.40 eq P-425 9 gm 

2 ASTM D412-51T 
y NOTE: All specimens were cured at 220 F for 16 hours 3 ASTM D638-52T 
j 1 ASTM D624-54, Die C 
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It is quite apparent that triols yield cross-linked, 
thermoset polymers (reaction 4) whereas diols yield 
only linear, fusible polymers (reaction 3). Therefore, 
when Adiprene is cured with polyols, triols alone or a 
mixture of triols and diols must be used. Diamines 
yield linear polymers (reaction 1), but the resultant 
urea hydrogen lends itself to subsequent cross-linking 
(reaction 2). It has been empirically determined by 
Du Pont! that optimum properties are obtained when 
the diamine provides 82°; of the labile hydrogens for 
the isocyanate present and urea hydrogens react with 
the remaining isocyanate, producing cross-links. Such 
a mechanism does not lead to cross-linking in the diol 
cure as the urethane hydrogen is not sufficiently active 
to promote cross-linking (reaction 5). 

Note that only polyols give the urethane structure. 
However, it has become a generally accepted practice 
to designate all materials of this type as polyurethanes, 
even though they contain urea linkages resulting from 
amine cures. 

Of the available diamines, with one exception, all are 
so active as to preclude their use outside of potting 
machines. Presently, the only exception is methylene- 


bis-o-chloroaniline (MOCA). 


The bulky chlorine atom adjacent to the amino hydro- 
gens sterically hinders their availability and by its 
electronegative character reduces the basicity of the 
amino group to provide a diamine of significantly re- 
duced activity. Nevertheless, the pot life of a MOCA- 
Adiprene system at workable temperatures is still only 
15 to 20 minutes. 

For this reason, it has been decided that amines 
cannot provide general-purpose cures and that polyol- 
amine mixtures offer most promise. In the choice of a 
polyol, it was borne in mind that such a polyol must 
be fluid, detract least from the superior properties of 
amine-cured Adiprene, and be of such a molecular 
weight that a minimum of equivalents will dissolve the 
required amount of the solid MOCA. This last factor 
is a decided advantage in that a readily handled liquid 
can now be used in place of the more intractable solid. 


PROPERTIES 


The previous section deals with those factors which 
define the general composition of a polyurethane that 
has superior properties and reasonable processing char- 
acteristics. The remaining problem is to determine 
which polyol, diol or triol, and of what molecular 
weight. To this end, a number of formulations were 
prepared and certain physical properties measured to 
determine the adequacy of each. 


Exploratory Formulations 


In comparing experimental formulations, properties 
investigated were restricted to those which would pro- 
vide an adequate basis for comparison of formulations 


1 “‘Adiprene-L"’, Development Products Report No. 10, Elastomer 
Chemicals Department, duPont, Inc. 
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and selection of the optimum compound. Once the 
decision was made, further studies were carried out 
to supply additional data to delineate, in full, the 
properties of this particular formulation. 

Most of the data evaluated in the search for the best 
all-around formulation are self-evident. It may, how- 
ever, be worthwhile to discuss the reasons for calcu- 
lating the secant modulus at 0 to 10°; elongation. Since 
the materials under investigation are intended for use 
as potting compounds, the usual modulus values calcu- 
lated by elastomer formulators at 100°; , 300°; and even 
greater elongations are meaningless when, in applica- 
tion, these materials will experience elongations of a 
lower magnitude. Therefore, the figure 10°; was arbi- 
trarily chosen as that which would approximate the 
extreme elongation that these compounds will actually 
undergo. Secant modulus was calculated instead of 
tangent modulus, since the 10°; elongation figure has 
no real meaning. Rather, the properties of the material 
over the low range of elongation are of more concern. 

Formulation 1 lists those properties achieved with 
MOCA when 82‘, of the stoichiometric quantiiy of 
amine is used. These values are the target properties 
which were the aim of subsequent amine-polyol formu- 
lations. 

Formulations 2 and 3 show data for certain amine- 
triol systems. 11-80 and 11-200 are Dow long-chain 
triols. Formulation 3 shows the fall-off in properties 
when equal equivalents of the longer chain 11-200 
are used. 

Formulations 3, 4, and 5 show the improvement in 
properties as the amount of triol is decreased. 

Formulations 6, 7, and 8 show the tall-off in proper- 
ties of an amine-diol system as the molecular weight 
of the diol is increased. P-425, P-750, and P-1200 are 
Dow polypropylene glycols of the indicated molecula: 
weights. Polypropylene glycols were used because of 
their hydrophobic character and availability. Although 
Formulation 6 possesses superior properties, its pot life 
was so limited that Formulation 7 was chosen as being 
more ideally suited for general-purpose applications. 
This choice will be discussed subsequently in more 
detail. 

Formulation 9 shows the improvement in properties 
over Formulation 8 achieved by using lesser amounts 
of a particular diol. Formulations 10, 11, 12, 13, 14, and 
15 show the inferior properties obtained with typical 
triols (hexane-triol, trimethylol propane, and Dow 11- 
80) when used alone or in conjunction with typical diols 
(pentanediol, a short-chain diol, and P-425, a long- 
chain diol). 

Certain general assumptions can be made from a 
study of the assembled data. Lesser amounts of lower 
molecular weight polyols give superior properties. Also, 
diols are distinctly preferable over triols. It has been 
postulated® that this latter improvement is due to the 
presence of hydrogen bonding between adjacent chain 
segments as indicated below. 


Diol Cure 


0: 


» Priate Communication with J. S. Rugg, Elastomer Chemicals 
Department, duPont, Inc 
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An unshared electron pair of the carbonyl oxygen 
attracts the proton attached to nitrogen atoms of ad- 
jacent chains so strongly that, effectively, further cross- 
linking is achieved through these secondary ‘valence 
bonds. Such hydrogen bonding is not possible in triol- 
cured material since physical separation of adjacent 
chain segments is so great as to preclude any attraction. 


N-C-O SSSSSSS SV V O-C-N 
x2 


5 
CAAA N-C- 


Standard Formulation 
Following the selection of Formula 7 as a general- 
purpose, shock-resistant embedment resin, its proper- 
ties were further delineated so that a careful review 
of this material can be made prior to committing it to 
a particular application. They are as follows: 
1. Processing 
Preheat Adiprene-L to 175 = 5°F and: evacuate 
for 10 minutes at 1-3 mm Hg absolute. Dissolve 
MOCA into P-750 which is maintained at 
175+5°F. Blend Adiprene-L and hardener solu- 
tion. Evacuate again at 1-3 mm Hg absolute while 
mix is at minimum temperature of 150°F. 
2. Pot Life 
One hour at 150°F. 
3. Exotherm 
No exotherm was observed in a 1000-gm mass 
when cured at 200°F. 
1 Cure 
The properties listed in this memorandum were 
obtained by a cure of 16 hours at 220°F. Lesser 
temperatures give somewhat reduced properties 
even when prolonged. If undercured material is 
exposed to atmospheric moisture, reaction will 
continue at room temperature and properties will 
approach those achieved at elevated cures. Since 
it is impractical to define properties achieved 
under all possible cure temperatures, it is recom- 
mended that, where possible, the properties be 
proven in the application. 
Thermal Coefficient of Expansion (ASTM-D-696) 


5 
98 x 10° in/in/°F 
176 x10" in/in/°C 
6. Density 


1.05 gm ce 
65.5 Ibs/ft® 
7. Heat Resistance (Mil-I-16923-C) 
0.76°, wt loss 
8. Moisture Absorption (Mil-I-16923-C) 
0.97°, gain 
Hardness—Shore (ASTM-D-676) 


9 
65 F 87 inst. 83 ten second delay 
78°F 77 inst. 73 ten second delay 
+ 200° F 78 inst. 75 ten second delay 


Ten-second delay readings are also taken as they 
tend to be more reproducible than instantaneous 


readings. 


10. Electrical Properties 
Volume resistivity at 
Volume resistivity at 150° F 
Volume resistivity at 250°F 3.3 x 10° 

(ASTM-D-257) 
Volume resistivity after 
exposure to 95°, RH 
for 10 days (76°F) 
Dielectric strength 
(ASTM-D-149) 
11. Fungal Properties 
Nonnutrient 
12. Thermal Shock Resistance 
Excellent 
13. Adhesion 
In general adhesion is good to a wide variety 
of materials. The bond can be further improved 


with suitable primers. 


76°F 3.5x ohm-cm 
4.0 x 10° ohm-cm 


ohm-cm 


8.2x10° ohm-cm 


300 volts/mil 
(125 mil sample) 


Sources of Supply 
Resin Adiprene-L E. I duPont de Nemours & Co, 


Wilmington, Delaware 


Houghton Laboratories 


Hysol 8530 
Olean, New York 


Polyol Polyglycol P-750 Dow Chemical Company 
(resin grade) Midland, Michigan 
MOCA Methylene-bis- E.1I duPont de Nemours & Co. 


(o-chloroaniline) Wilmington, Delaware 


Hardener “CB” Houghton Laboratorie; 
Olean, New York 


Discussion of Design Application Factors 

In evaluating the various formulae, thermal-shock 
resistance was that property kept foremost in mind 
when weighing the potential of each particular formu- 
lation. Since no proven test is available for rating ma- 
terials of superior thermal-shock resistance, secondary 
properties were chosen as those which would determine 
the final selection. Those secondary properties chosen 
were tear strength, ultimate tensile and elongation, 
hardness, and 10°; modulus, each of which yields valu- 
able data in itself, and when considered collectively 
definitely indicate a superior material. The final proof 
of thermal shock resistance must be made in the ap- 
plication. 

As is the case in all materials, Formula 7 is not 
superior in every respect. Since it is unfilled, shrinkage 
is high and allowances must be made when designing 
a component in which this material is to be used. Nor- 
mally this is done by providing a reservoir of excess 
material that compensates for pregellation shrinkage. 
Release from noncritical surfaces also is important in 
that it reduces the over-all stress problem. Failure to 
give rigid support, particularly at elevated temperatures, 
is an inherent shortcoming of low-modulus, shock- 
resistant materials which must also be considered in 
the design. If the application is electrical, the marginal 
volume resistivity must be considered. Also, if an elec- 
trical application, the relatively high weight loss on 
heat aging must be considered where outgassing might 
result in increased contact resistance. 

These shortcomings are enumerated so that all facets 
of this material can be reviewed prior to committing 
it to a particular application. As with other embedment 
resins, it must be committed only to those designs with 
which it is compatible. However, a design may be broad 
in scope and, with proper planning beforehand, a com- 
patible design is less difficult to achieve. 


* 
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POLYMER SCIENCE 


Edited by Irvin Wolock 
U.S. Naval Research Laboratory 


Nuclear Resonance Studies 


of Polymer Chain Flexibility 


W. P. Slichter 
Bell Telephone Laboratories, Inc. 


\ OLECULAR MOVEMENT underlies many of the 
1 familiar properties of high polymers. It is im- 
portant in such diverse phenomena as rubber elasticity, 
viscous flow, dielectric loss, and the melting of crystal- 
line regions. The flexibility of polymer molecules in- 
volves not only features of structure within individual 
chains, but also constraints between neighboring chains 
There is as yet no explicit measure of what we mean 
by “flexibility,” but there are several important meth- 
ods for detecting motion in molecules. Among these are 
dielectric relaxation studies and a variety of mechanical 
measurements. One may also deduce molecular motion 
from studies of structural transitions, using techniques 
such as x-ray diffraction and calorimetry. To these 
familiar techniques there has quite recently been added 
an important new method, nuclear magnetic resonance 


spectroscopy (NMR). 


There are limitations to all the methods for studying 
molecular motion. For example, the dielectric method 
depends upon the motion of permanent electric dipoles, 
and therefore is restricted to substances which have 
such dipoles. Many important polymers, such as rub- 
ber, polyethylene, polyisobutylene, and_ polystyrene, 
contain no permanent electric dipoles when the com- 
pounds are truly pure. Other compounds such as poly- 
amides and polyesters possess dipoles, but they also 
contain long segments of non-polar regions, so that 
measurement of the dielectric relaxation is not neces- 
sarily a characterization of the motion throughout the 
molecule. The NMR method has its limitations, too, 
but in general these do not overlap the limitations of 
other methods. There are important advantages to 
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NMR. In particular, it is especially good for studying 
the locations and motions of protons, and so it is highly 
useful for polymers 


Some Aspects of Nuclear Magnetism’ 

It is a fundamental property of matter that the 
nuclei of many isotopes are faintly magnetic. In all, 
something over 130 isotopes, representing about 80 ele- 
ments, exhibit this property. This magnetism is so very 
weak that it is wholly negligible compared with the 
ordinary diamagnetism or paramagnetism of com- 
pounds, which are properties due to the electrons, but 
still the existence of the faint nuclear magnetism has 
been known for decades from the hyperfine lines in 
optical spectra. Only recently, though, have experi- 
mental methods been developed which allow highly 
sensitive and precise measurements of nuclear para- 
magnetism. It is an empirical fact that magnetism oc- 
curs only in those nuclei for which the atomic number 
and the mass number are not both even quantities. 
Such isotopes include H', H*, Li*, O17, F19, 
and P*!, However, some isotopes of obvious chemical 
interest, such as C!¥ and O'", are nonmagnetic. 

For convenience, we shall discuss NMR in terms of 
the proton, though what we shall say applies in detail 
to some other nuclei, and in broad outline to all mag- 
netic nuclei. From the viewpoint of its magnetic be- 
havior, the proton may be regarded as a minute bar 
Excellent reviews of the fundamentals of NMR have been written 


by Andrew (Ref. 2) and by Pake (Ref. 22). Applications of NMR to 
the study of high polymers have been reviewed by Slichter (Ref. 28). 


Reprinted with permission from “International Symposium on 
Plastics Testing and Standardization” STP 247, (in press), American 
Society for Testing Materials 
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magnet, having a north pole and a south pole. Suppose 
we conduct a hypothetical experiment in which a sin- 
gle proton is placed in the field of a laboratory magnet. 
Then the proton will experience a torque in the ap- 
plied field, analogous to the force experienced by a 
compass needle in the earth’s magnetic field. In the 
case of the proton, though, there is a special set of 
rules dictated by the requirements of quantum me- 
chanics. These rules state, in essence, that only two 
orientations of the elemental magnet are permitted, 
one parallel to the applied field and the other anti- 
parallel. These two orientations, one of which is the 
equilibrium state and the other the anti-equilibrium 
state, differ in energy by an amount which is propor- 
tional to the strength of the applied field, H,;: 


AE = 24H, (Eq. 1) 


The quantity u is called the magnetic moment; it is a 
characteristic constant for each isotope.” The energy 
difference, AE, is equal to the work required to switch 
the proton from its equilibrium orientation to its anti- 
equilibrium orientation. Note that this AE is an explicit 
quantity, in a magnetic field of given strength, H,: re- 
orientation occurs only when we supply exactly the 
energy given by Eq. 1. Because only this explicit 
energy is absorbed or emitted, we term this effect a 
resonance 

The energy is supplied to the proton by irradiating 
it with electromagnetic waves. The frequency of the 
radiation, v, is given by the familiar Bohr relation, 
AE = hy, where h is the Planck constant. Hence Eq. 1 
for the resonant condition may be written 


hy, 2uH, (Eq. 2) 


Note that »v, and H,, are directly related. Thus, if we 
keep H, at some fixed value and vary the frequency 
of the radiation, the proton absorbs no electromagnetic 
energy until the frequency reaches the value v, given 
by Eq. 2. Conversely, we may perform the experiment 
by shining radiation of fixed frequency upon the proton 
and varying the magnetic field. Then no energy is 
absorbed and emitted until the magnetic field attains 
the value H, given by Eq. 2. 

We are dealing here with a form of spectroscopy, 
and the absorption or emission of energy at resonance 
gives rise to a spectroscopic “line” which is entirely 
comparable to that in optical spectroscopy. Howeve 
the energies involved here are small. For a_ typical 
laboratory magnetic field of 10,000 gauss, v, for the 
proton is 42.577 megacycles second.- That is to say, 
the wavelength of the radiation corresponding to the 
proton resonance is about 7 meters, whereas the wave- 
length of typical optical absorptions or emissions is 
less than a ten-millionth as great, being about 3000 
Angstroms. NMR spectroscopy uses radio-frequency 
apparatus instead of prisms and gratings. The experi- 
mental arrangement is shown schematically in Fig. 1. 
A radiofrequency transmitter supplies energy to the 
nuclei, the energy being conveyed by a coil which 
surrounds the sample. A second coil around the sample 
is connected to a receiver. Typically, the electromag- 
netic energy is supplied at a fixed frequency, and the 
magnetic field strength is changed continuously and 
passes through the value H,. As the magnetic field 


The resonant frequencies lie elsewhere for other nuclei in this 
same applied field. For instance, the resonance for deuterium 
occurs at 6.536 me/sec, while for F'’ it is at 40.07 me/sec, and for 
P" it is at 17.235 me/sec 

*Eq. 1 applies also for certain nuclei other than the proton, for 


example F'* and P With still others, the form of the equation is 
similar, but the numerical factor differs from 2. With the deuteron, 


for example, the factor is unity 
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reaches this resonant value, protons are continuously 
oriented into the anti-equilibrium state, from which 
they constantly return to the equilibrium state. Eleva- 
tion to the anti-equilibrium state entails absorption of 
energy from the transmitter, and return to the equi- 
librium state yields energy which is detected by the 
receiver. 

We began our discussion with a hypothetical experi- 
ment consisting of a single proton in a magnetic field. 
In reality the sample always contains a great many 
protons. Each proton experiences not only the field of 
the laboratory magnet, but also the fields due to the 
other protons in the vicinity. For a given proton, Eq. 2 
is therefore rewritten: 


hy, = 24(H, + Hy) (Eq. 3) 


Here H,,.. is the local magnetic field upon a given proton 
from the other protons around it. H,,,, augments the 
laboratory magnet either positively or negatively. The 
sign and magnitude of the local contribution depend 
upon the relative orientations of the elemental magnets, 
and upon the distances between them. The frequency 
of the radiation required to reorient the protons there- 


RADIOFREQUENCY 


RADIOFREQUENCY 
TRANSMITTER RECEIVER 
RECORDER 
TRANSMITTING 
COIL RECEIVING 
COIL 
ELECTRO- 
MAGNET 


| SAMPLE 


MAGNETIC FIELD 
CONTROL 


Figure 1. Schematic diagram of nuclear magnetic 
apparatus. 


(a) 


(b) 


L 


Figure 2. Nuclear resonance absorptions (schematic): (a) 
hypothetical resonance for a single proton; (b) envelope 
for a typical solid. 
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fore varies from place to place in the sample, depending 
upon the magnetic environment of each proton. Con- 
sequently, with an actual sample the resonance con- 
sists not of a single sharp “line,” but of a multiplicity 
of lines, corresponding to the distribution of local 
magnetic fields. It is ordinarily impossible to distinguish 
the individual components of such a collection of lines, 
at least when one is studying solids; rather, one ob- 
serves an envelope of some sort. Fig. 2a shows the 
sharp resonance which would occur in the hypothetical 
experiment upon a single proton, while Fig. 2b shows 
a resonance envelope typical of a polycrystalline solid. 

The resonance range commonly corresponds to a 
spread of some 5 to 20 gauss, for a solid sample in 
which the molecules are motionless. When molecules 
or segments of molecules move sufficiently rapidly and 
extensively, a given proton travels through an environ- 
ment whose variations appear to be smeared out. The 
result is that all the protons experience about the same 
average field, the deviations of H,,,. appear smaller, and 
the resonance envelope becomes narrower. Consequent- 
ly, the narrowing of the resonance curve is an un- 
equivocal sign that motion has developed in the sample. 

In some liquids, the averaging out of the molecular 
environments is so effective that the width of the 
resonance may be only about 10°* gauss, compared 
with the width of 5 to 20 gauss which is typical of 
solids.* The frequencies of the motions which cause 
noticeable narrowing of the resonance lie in the range 
10* to 10° cycles/second (Refs. 6, 14). These frequencies 
are quite small compared to those associated with 
familiar thermodynamic processes. The frequencies of 
the motions responsible for the heat capacity of most 
substances lie in the range 10!*-10'* cycles/second. 
However, such motions involve displacements which 
are small compared with interatomic spacings, and 
therefore they are ineffective in averaging out the 
fluctuations of environment which broaden the reso- 
nance curve. 

A common kind of study is to measure the width 
of the NMR resonance (“line”) as a function of the 
temperature, and to identify transitions by noting the 
temperature regions in which the resonance narrows 
markedly. It should be emphasized here that one must 
be careful in comparing transitions seen by the nar- 
rowing of NMR resonances and transitions seen by 
other techniques, such as those of dynamic mechanical 
relaxation or dielectric absorption. For such compari- 
sons to be valid, they must refer to the same frequency 
range and the same temperature interval. Clearly, it 
is something of a limitation that the onset of narrowing 
of the proton resonance curve inevitably involves mo- 
tions at frequencies around 10! to 10° cycles/second 

The interactions which contribute to the broadened 
shape of the resonance are of two sorts: those between 
protons on the same molecule (intramolecular contri- 
bution) and those between protons on neighboring 
molecules (intermolecular contribution). It is intuitive- 
ly clear that molecular motions will produce a different 
kind of averaging process for the intramolecular con- 
tribution than for the intermolecular. Consequently, 
the onset of motion causes not only a narrowing of 
the resonance, but also a change in its form or shape. 
Change in the line shape is therefore a sensitive meas- 
ure of the onset of motion. However, the shape of the 
resonance ordinarily does not correspond to any con- 
venient analytic function, and therefore changes in 
shape are difficult to describe precisely. 

Not only is it desirable to compare line shapes, as 
a measure of changes in structure and motion; but more 
than that, it is important to be able to use the shape of 
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the resonance curve as a measure of the structure and 
array of the molecules. That is, one would like to be 
able to postulate a line shape, on the basis of some 
model of the structure, and to test the correctness of 
the model by comparing the postulated and measured 
resonances. Again, mathematical complexities enter, 
and make it difficult to calculate the line shape directly 
from a structural model. One may deal with the line 
shape to some degree, though, in terms of the second 
moment of the resonance curve. The second moment 


may be defined (Refs. 14, 31) as: 


(H-H,)2f (H)dH 
AH-., (Eq. 4) 
{(H)dH 


Here f(H) is the line shape, that is, the amplitude of 
the resonance as a function of the magnetic field, and 
(H-H,) is the deviation of the magnetic field from the 
resonant value, H,. Even though f(H) is usually not a 
convenient analytic function, the average expressed by 
Eq. 4 can of course be calculated numerically. 

Experimental values of AH*. reflect, perhaps some- 
what indirectly, the shape of the resonance. Though 
the calculation is a bit tedious, it is often profitable to 
study temperature-dependent transitions in terms of the 
second moment, instead of merely in terms of the line 
width, for the latter often does not vary acutely, even 
though the line shape is changing.‘ Moreover AH?» is 
capable of straight-forward calculation in terms of 
structural models. The theoretical treatment, which is 
due to Van Vleck (Ref. 31), will not be reviewed here; 
the reader is referred to outlines by Andrew (Ref. 2), 
by Pake (Ref. 22), and by Slichter (Ref. 28,, which 
are pertinent to problems of chemical structure. It suf- 
fices to say here that the only variables are the distances 
between nuclei, and the angles between the internuclear 
vectors and the direction of the applied magnetic field. 
Since these variables are supplied by the structural 
model, one may compute a second moment for com- 
parison with experiment. 

Having described briefly some of the principles of 
nuclear magnetic resonance, we shall now discuss some 
recent studies of molecular flexibility in polymers which 
the NMR technique has made possible. 


Effects of Intermolecular Forces 
Upon Chain Flexibility 


It is a complicated matter to discuss the flexibility of 
polymer molecules in solids. Even if one rules out cross- 
linked networks, in which adjacent chain segments are 
bound together by primary bonds, there is still great 
variety in the ability of molecules to move. It is often 
hard to distinguish the factors which control the flexi- 
bility of chain segments in a given polymer. One can 
imagine several important factors: (a) strong forces be- 
tween adjacent chains, as from electric dipolar coupling: 
(b) effects of molecular shape, influencing the packing 
and the mobility of chain segments; (c) variability in 


The width is commonly taken to be the span between the points 
on the resonance curve with the maximum slope, positive and 
negative 


‘It should be noted, though, that the second moment is quite 
vulnerable to errors or ambiguities in the measurement of the 
resonance. From Eq. 4, we see that because (//-//«) enters as the 
square, a major contribution comes from the fringe of the 
resonance, where the amplitude measurement has the greatest 
relative uncertainty 
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the ease of rotation about chain bonds within the mole- 
cule.© We shall discuss some NMR studies which 
demonstrate the importance of these factors. 

It is well known that polyamides (“nylons”) owe 
their remarkable physical properties—strength, insolu- 
bility, and high melting temperature—to strong coupling 
between amide groups on neighboring chains (Ref. 3). 
It is seen from x-ray diffraction studies that amide 
groups are arrayed in planes which intersect the chain 
axes (Refs. 3, 10). Evidently it is quite a cogent pref- 
erence which causes amide groups on neighboring 
chains to come into such regular array.® 

The interactions between amide groups affect the 
flexibility of the non-polar segments. A number of 
polyamides have been studied by proton resonance over 
a wide temperature range (Ref. 27). The resonance nar- 
rows markedly in the temperature range 400 to 450°K 
(Fig. 3). These temperatures are a hundred degrees or 
more below the melting points of the polymers. There- 
fore the resonance is not directly associated with melt- 
ing, as it is with some simple hydrocarbons (Ref. 1). 
Rather, it is a precursor of melting which also finds ex- 
pression in transitions of the crystal structure (Ref. 2, 


The proton resonance in polyamides reflects primarily 
the structure and motion of the paraffinic regions, since 
nearly all the protons are situated in methylenic groups 
and comparatively few are in the amide groups. In a 
purely paraffinic compound, polyethylene, the motion 
seen by NMR begins around 250°K, about 150° below 
the transition in polyamides (Refs. 17, 25). In a sense, 
polyamides may be regarded as homologues of poly- 
ethylene, in which the paraffin chain contains variable 
proportions of amide groups. Fig. 3 shows the NMR 
transitions for three members of this homologous series. 
It is seen that the transition occurs at lower tempera- 
tures as the paraffinic segments between amide groups 
are made longer. However, even the most paraffinic of 
these compounds, polydecamethylene octadecanamide, 
which has only one amide group per thirteen methylene 
groups, still exhibits much greater chain stiffness than 
does the pure hydrocarbon, as gauged by the difference 
in their NMR transition temperatures. 

Baker and Fuller (Ref. 4) have shown that substitu- 
tion of alkyl groups for the amido hydrogens increases 
the solubility of the compounds in various liquids, leads 
to a decrease in the elastic modulus, and produces 
changes in the crystal structure. Biggs, Frosch, and 
Erickson (Ref. 5) have shown that substitution lowers 
the melting point compared with the unsubstituted 
polymer, All these authors have ascribed these physical 
changes to lessening of the coupling between amide 
groups on neighboring chains. In terms of the present 
discussion, one would expect the alkyl substitution. to 
be accompanied by an increase in the flexibility of the 
hydrocarbon chain segments, i.e., by a decrease ‘n the 
temperature at which the proton resonance curve nar- 
rows. Fig. 4 shows the proton line width as a function 
of temperature for polydecamethylene sebacamide 
(nylon 10-10), and for the same compound in which 
62°, of the amido hydrogens have been replaced by 
methyl groups. Even in the methyl-substituted com- 
pound the resonance comes predominantly from the 
protons in the chain rather than from those attached 


Many workers have ascribed this coupling to a form of hydrogen 
bonding, whereas others, notably Cannon (Ref. 11), have ascribed 
it to dipolar interactions. For our purposes it is enough to point 
out that the coupling is strong 
“This last category often carries the specialized term “‘flexibility,” 
with the connotation that it is a property of the isolated molecule 
We prefer here to let the word flexibility also reflect the environ- 
ment of the molecule 
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to the amide groups. It is seen that the reduction in 
coupling which results from the substitution does in 
fact facilitate motion of the methylene groups in the 
main chain. 


Effects of Molecular Shape 
Upon Chain Flexibility 


The crystalline state is so widely found in nature that 
one is hard pressed to name many solids which never 
crystallize. Numerous polymers are able to crystallize, 
and although the ordered regions are very small, they 
possess the three-dimensional regularity which is the 
chief attribute of the crystalline state. However, there 
are some aspects of polymer behavior which, though 
not unique to macromolecules, are nevertheless quite 
prominent: (a) the rate of crystallization varies over 
extremely wide ranges; (b) the ability to crystallize at 
all depends acutely upon details of molecular structure. 

Since regularity of array is the chief feature of the 
crystalline state, one would expect a polymer to be 
capable of crystallizing only if its molecular structure is 
regular, both in shape and in chemical make-up (Ref. 
9). This view is found to be true: typical crystalline 
polymers are those whose molecules are both chemi- 
cally and geometrically regular in structure. When ir- 
regularities do occur, they tend to diminish the ability 
of molecular segments to enter crystallites. When the 
irregularities are severe enough, they prevent crystalli- 
zation. The glassy character of polystyrene and poly- 
methyl methacrylate, for example, evidently occurs be- 
cause the main chain carries substituents which are 
large and which occur randomly in left- and right-hand 
positions. 

It is now known that many polymers which used to 
be regarded only as glassy solids can also be made in 
crystalline form (Ref. 13, 18, 19). The new catalytic 
methods are able to direct succeeding monomer units 
preferentially into left-hand or else right-hand _ posi- 
tions along the chain; such dispositions have been given 
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Figure 3. Temperature dependence of proton resonance 
line width in three polyamides: polyhexamethylene adip- 
amide (nylon 6-6), polydecamethylene sebacamide (nylon 
10-10), and polydecamethylene octadecanamide (nylon 
10-18). (After Slichter, Ref. 27). 
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the name “isotactic.” Or else the regularity takes the 
form of alternate left- and right-hand disposition 
(“syndiotactic”), contrasting with the “atactic” form, 
in which the alternation is entirely random. In poly- 
styrene, for example, the isotactic structure consists of 
a helical chain, from which the phenyl groups project 
in regular array (Ref. 19). Even though the substituents 
are very large, the regularity of their disposition per- 
mits crystallization. 

The bulkiness of the substituents does affect the rate 
of crystallization, however. Polyethylene, in which the 
main chain is nominally unsubstituted, crystallizes 
rapidly at ordinary temperatures. Polypropylene, in 
which the substituents are methyl groups, crystallizes 
rapidly only when the temperature exceeds about 70°C. 
Polystyrene, in which the substituents are quite large, 
crystallizes rapidly only when the temperature ap- 
proaches 130°-150°C. The process of crystal growth of 
course demands that chain segments be able to move. 
These purely qualitative comparisons point out that a 
relation exists between molecular shape and flexibility. 

Likewise, in polymers which fail to crystallize be- 
cause of structural irregularities, there are marked dif- 
ferences in the flexibility of molecules. The differences 
are shown qualitatively through comparisons of the 
glass temperature, the point at which many macromolec- 
ular substances change from rubber-like elasticity to 
glassy rigidity, or the reverse (Ref. 7). The glass tem- 
perature is a prominent feature of wholly amorphous 
polymers. However, it is also detectable in semicrystal- 
line polymers, in which it is ascribed to the behavior 
of the disordered regions. The change in properties 
marked by the glass temperature as a substance is 
cooled reflects the loss of thermal motion in the chain 
segments: or conversely, it marks a gain in thermal 
motion when the substance is heated. The glass tem- 
perature is not a true thermodynamic transition, since 
the value depends upon the time-scale of the experi- 
ment. Indeed, it is not detectable as a transition, but 
only as a trend, if the experiment is conducted slowly 
enough.’ Despite the ambiguity involved, the glass tem- 
perature is a useful quantity for comparison of molec- 
ular motion in materials. Since the transformation 
seems to be related to changes in the extent of seg- 
mental motion, it is appropriate for investigation by 
NMR. 

The temperature dependence of the proton resonance 
in polystyrene is shown in Fig. 5, the resonance being 
described in terms of the second moment. Several fea- 
tures are evident. The decrease in the second moment 
marks the onset of motion. In the crystalline (isotactic) 
polymer, the decrease is gradual over quite a wide tem- 
perature range, showing that the structure is quite rigid 
on a molecular scale. In the noncrystalline (atactic) 
compound, the second moment falls off more rapidly, 
indicating that motion occurs more readily when the 
structure is amorphous. This difference in flexibility 
presumably is permitted by the defects in chain pack- 
ing stemming from the irregular shape of the atactic 
molecule. 

The marked decrease in the width of the resonance 
in the temperature range 380° to 400°K, seen from the 
second moment data in Fig. 5, has previously been 
reported for noncrystalline polystyrene by Holroyd et al 
(Ref. 15) and by Odajima et al. (Refs. 20, 21). It corre- 
sponds closely to the glass temperature as seen by othe: 
methods, such as dilatometry (Ref. 12). The marked 
decrease in second moment for the crystalline com- 
pound appears, from examination of the resonance 
curves themselvesf to have been due to the amorphous 
regions of the polymer, not to the chain segments lying 
within the crystallifes. It is an instrumental feature of 
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NMR experiments, as they are ordinarily done, that 
narrow resonances appear much more prominently than 
do broad curves. With some polymers, though, it is 
possible to distinguish simultaneously a broad resonance 
and a narrow resonance superposed on it. at least over 
certain intervals of temperature. It is plausible to sup- 
pose that the narrow resonance is due to the amorphous 
portions, in which the segmental motion should be com- 
paratively great, and that the broad resonance belongs 
to the crystalline regions, in which the motion should 
be rather restricted (Refs. 30, 32, 33). With crystalline 
polystyrene, though, there is no temperature at which 
both a broad and a narrow resonance can be discerned. 
The crystalline melting point is about 500°K; indeed 
the NMR transformation seen for the isotactic polymer 
in Fig. 5 lies in the temperature range associated with 
crystal growth (see above). Therefore, the graph for 
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Figure 5. Temperature dependence of second moment of 
the proton resonance in polystyrene, isotactic and atactic. 
(Slichter, unpublished studies). 
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Figure 4. Temperature dependence of proton resonance 
line width in polydecamethylene sebacamide (nylon 10-10), 
unsubstituted and with 62% of amide groups substituted 
with methyl groups. (Slichter, unpublished studies). 


"The term ‘“‘second order transition temperature” is often used 
for the glass temperature, since the changes in properties such 
as heat capacity and thermal expansion coefficient recall true 
thermodynamic changes seen in some simple compounds. Because 
the transformations in polymers are time-dependent, it is perhaps 
better to avoid the thermodynamic term “‘transition,”” and to use 
instead the term “glass temperature.” 
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the isotactic compound, in Fig. 5, would seem to apply 
to the crystalline regions at the lower temperatures and 
to the amorphous regions in the interval of temperature 
which shows a major decrease in the second moment. 
It is interesting that this decrease occurs at a significant- 
ly higher temperature than in the wholly amorphous 
compound. Presumably this difference reflects the con- 
straint which the disordered segments in the isotactic 
compound feel owing to the presence of the compara- 
tively immobile segments in the crystallites. Perhaps 
the difference is also due to constraints which the dis- 
ordered segments feel because their chemical structure 
is more regular than in the atactic compound. It should 
be added that when crystallizable (isotactic) poly- 
styrene is chilled quickly from the molten state, it is a 
glassy compound, and has the same temperature de- 
pendence of the second moment as the amorphous com- 
pound 

Polypropylene also exists in two forms, isotactic and 
atactic. Measurements of the NMR second moment, Fig. 
6, show that considerable motion sets in somewhat 
below room temperature (Ref. 29). This is the tem- 
perature region associated in other experiments with 
the glass temperature (Refs. 18, 24), and it is also the 
temperature interval in which sizable dynamic mechani- 
cal losses occur (Ref. 26). At low temperatures, 77°- 
110°K, there is another major change in the second 
moment. Even at the lowest temperature used, the sec- 
ond moment has plainly not reached a limiting value: 
thus, a significant amount of chain motion persists. One 
may calculate what limiting value to expect at low 
temperatures, using a plausible crystallographic model 
to supply the proton coordinates required for the com- 
putation. This quantity is shown by the upper dashed 
line in Fig. 6. It is seen that the measured values lie 
much lower, supporting the view that motion exists 
even at the liquid nitrogen temperature. If one sup- 
poses that there is motion which consists solely of rota- 
tion of all the methyl groups about the threefold axis, 
one may again calculate the second moment. This value 
is given by the lower dashed line in Fig. 6. Comparing 
the difference in the two computed values with the 
experimental data, we see that the drop in the second 
moment at low temperatures can largely be accounted 
for in terms of rotation of the methyl groups. Though 
this assignment is not a proof, it is at least plausible 
that motion of the methyl substituents should occur 
quite easily, and that therefore it should commence at 
low temperatures, as in fact it does in simple methyl- 
substituted molecules (Ref. 23). 

Homologues of polypropylene, in which the substit- 
uents consist of aliphatic groups larger than methyl, are 
receiving increasing attention. Fig. 7 shows the tem- 
perature dependence of the second moment for poly- 
butene-1, in which the substituents on the main chain 
are ethyl groups. The backbone of the molecule in the 
crystalline form is arrayed in helical structure with 
the substituents projecting regularly outward, as in the 
case of polypropylene. In polybutene-1, however, the 
ethyl groups on one chain are undoubtedly enmeshed 
appreciably with those on neighboring chains, in con- 
trast with the situation in polypropylene, whose substit- 
uents do not project very far from the helical backbone. 
It appears in Fig. 7 that the second moment shows some 
chain motion at all temperatures above that of liquid 
nitrogen. The low-temperature decrease in the second 
moment is very likely due to motion in the ethyl 
groups, but it is more constrained than in the case of 
polypropylene, since it occurs at higher temperature. 
The increase in motion near room temperature corre- 
sponds closely to the glass temperature identified by 


dilatometry (Ref. 24). 
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Figure 6. Temperature dependence of second moment of 
the proton resonance in polypropylene, isotactic and 
atactic (Slichter and Mandell, Ref. 29). 


Effects of Chain Stiffness 


In addition to the important constraints which the 
lattice imposes upon torsional and rotational motion of 
molecules, there are also constraints which arise within 
the molecule. It is hard to single out these internal ef- 
fects, except with molecules which are well separated 
from each other, as in microwave spectroscopic studies 
of certain simple molecules in the gas phase. With 
polymers it can never really be said that the motion 
about individual bonds is characterized, for even when 
molecules are separated by dilution with solvents ther« 
remain interactions along the chain, and with the solvent 
molecules. However, by comparisons among related 
compounds, one can at least make semi-quantitative 
evaluations of constraints. For example, it is possible to 
show that there is very much greater flexibility in 
polyesters than in the corresponding polyamides (Ref 
16). Presumably this flexibility is largely localized in 
the C-O-C bonds along the chain. 

Fig. 8 shows the temperature dependence of the 
line width for the proton resonance of two polyesters. 
The aliphatic compound, polyethylene sebacate, melts 
at quite a low temperature, about 80°-85°C. Poly- 
ethylene terephthalate, which contains an aromatic ring 
in the repeating unit, melts at auite a high temperature, 
about 230°C. It is seen from Fig. 8 that both compounds 
contain little motion over wide ranges of temperature, 
for there is almost no change in the second moment 
over a broad temperature interval. With the terephtha- 
late this situation prevails to the highest temperatures 
studied. With the aliphatic compound, however, there 
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develops a narrow resonance which is superposed on 
the broad resonance, and moreover the broad resonance 
shows a decrease in second moment. It is not possible 
to follow the latter to still higher temperatures. In part, 
this loss of the broad resonance is due to the pre- 
dominance of the narrow component (see above). In 
part, though, it is ascribable to the onset of melting. 
Comparing the behavior of the aliphatic polyamides 
(Fig. 3) with that of polyethylene sebacate, it is clear 
that great differences exist in flexibility. In addition, it 
is quite evident that the introduction of the aromatic 
ring into the polyester chain produces a large increase 
in the constraint to motion. 


Conclusion 

In this short summary of recent studies of polymer 
behavior, we have seen examples of the application of 
nuclear magnetic resonance methods to yield informa- 
tion which would be difficult or impossible to find in 
other ways. In all physical studies of polymers, the 
complexities of the compounds rule out simple isolation 
of the variables which govern the behavior of the 
molecules. One is compelled to accumulate evidence 
from broad studies, as from examination of many 
homologues or from comparisons between contrasting 
compounds. When the nuclear resonance method has 
been given an opportunity to contribute to extensive 
studies, it will greatly broaden our understanding of 
macromolecules. 
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SPEAKING of EXTRUSION 


Some New Verifications of Power 


and Heat Theory in PVC Extrusion 


Frank C. Schutz 


Welding Engineers, Inc. 


A N EXTENDED SERIES of tests 
for determining the compound- 
dual 
com- 


ing extruding efficiency of 
worm Welding Engineers’ 
pounder extruders uncovered some 
data which show an excellent re- 
lationship between theoretical and 
experimental evaluation of powe1 
requirements for extrusion. 

The method of calculating power 
requirements is quite simple and 
the two main factors are the tem- 
perature of the extrudate and the 
specific heat of the plastic. Other 
details must be taken into account 
for the most accurate estimate of 
power required but this paper will 
not repeat this information. The 
latest paper on this subject is “Power 
and Heat Energy Relations in Poly- 
ethylene Extrusions” by B. H. Mad- 
dock (Ref. 1). In his paper Mr. 
Maddock develops the general 
energy balance used by McKelvey 
and Bernhardt (Ref. 2). 

This paper will use part of the 
overall formula to attempt to prove 
the following points: 

1. Most of the power supplied to 
the extruder is used simply to 
raise the temperature of the plas- 
tic. 

If the temperature of the plastic 

is increased as a result of me- 

chanical shear rather than conduc- 
tion of heat to the plastic through 
the barrel heaters, the compound- 
ing is most efficient. 

Removal of heat from a _ plastic 
either by worm or barrel cooling 
or by evaporation of moisture or 
volatiles in a devolatilization zone 
during extrusion increases the 
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power requirement. 

The test data were collected dur- 
ing extrusion compounding of plas- 
ticized wire grade vinyl compounds. 
The actual measurements 
were recorded during the tests by 
a deflection gage which measured 
torque. The rpm _ multiplied by 
shows the instantaneous 


power 


torque 
power input to the screws. 

The torque gage is located in such 
a manner that the deflection of a 
ring gear in the reduction gear box 
causes a deflection of a calibrated 
spring. This motion is recorded by 
the torque gage. The advantage of 
this arrangement is that it is as 
close to the worms as possible (the 
efficiency of the power transmission 
and speed reduction does not have 
to be accounted for) and a slight 
variation in torque may easily be 
seen. For instance, at 100 rpm a 
one-point variation on the gage rep- 
resents at 1.3°7 variation in the total 
power input to the screw. 

The die pressure readings were 
made by a pressure gage piped to 
the die flange. The piping had a 
zerk fitting into which grease could 
be forced so that the transmission 
of the pressure through the piping 
was via the grease. 

The compounding extrusion was 
found to be essentially adiabatic. 
This was proved by observing the 
amount of time that the heaters 
were on during the operation and 
when the unit was not running. 
Some heat was added during the 
initial plastification but the jacket 
temperatures in the tinal extrusion 
stage were actually lower than the 


temperature of the extrudate indi- 
cating that heat was removed at 
this stage. 

The following formulas show the 
relationship between the theoretical 
and measured power requirements 
for compounding extrusion of wire 


grade PVC. 
Z,. = CQAT + QAP 


Mechanical power delivered 

to screw, in.-lbs,/sec. (calcu- 

lated) 

Average specific heat of 

vinyl wire compounds 

240 in. /Ibs./in.*/°C. 
Q = Extrusion Rate—in.*/sec. 
AT = Temperature rise in plastic 

Pressure rise in_ plastic 

psi 


pm " t 10 hp 6600 in 
100 x 76 
Mechanical power delivered 
to screw in.-lbs./sec. (meas- 
ured) 
rpm = Worm speed 
Torque = Torque gage reading. 


The extruder used was a Model 
2052-V1 dual worm compounder ex- 
truder which was equipped with a 
vacuum vent. The worms were two 
inches in diameter and rotated in op- 
posite directions. The data were col- 
lected when the operation was stable 
and sufficiently uniform to coat a 
conductor making good wire or uni- 
form pellets. 


Power Calculations 


1. Low rpm—Low Rate 


MEASURED 
rpm = 50 
Torque = 59 
90 x 59 6600 
100 x 76 
Z,,, = 25,600 in.-lbs./sec. or 3.88hp 


CALCULATED 

Q (90 hr. x 6.15 x 10°*) 
558 x 10°" / see 

AT = 188°C. —20°C 

AP = 1075 psi 

yA 240 (558 x 10°) x 168 
(558 x 10°") 1075 

L 22,945 in.-lbs/sec. or 3.48 hp 


which is 89.5°7. of Z,, 


2. Middle Range rpm_ and 
(Calculations not shown) 


168 C. 


Rate 


MEASURED 

rpm 100 

Torque = 67 

Z,,, = 58,100 in.-lb. sec. or 8.80 hp 


CALCULATED 
210 Ibs./hr. 
168°C 
1700 psi 
53,982 in.-lbs./sec. or 8.18 hp 
which is 92.9%, of Z,, 
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3. High rpm—High Rate 

MEASURED 

rpm = 150 

Torque 60 

Z,, = 78,200 in.-lbs./sec. or 11.84 

hp 

CALCULATED 

Q = 315 Ibs. /hr. 

AT 168°C 

MP = 1225 psi 

Z 80,575 in.-lbs./sec. or 12.22 

hp which is 100.3¢7 of Z,, 

The comparisons shown are ex- 
amples taken from a long series of 
runs. All the other runs check out 
in about the same manner. The value 
of 240 for “C” is not a measured 
value but is believed to be approxi- 
mately correct for the vinyl com- 
pound employed 

To isolate the power required to 
develop the die pressure, a compari- 
son was made between runs made 
at two different pressures. It was 
proved that the power required to 
develop the higher die pressure is 
not significant. 

The following calculations show 
the total power required in the sin- 
gle screw extension of the dual 
worm unit to force the compound 
through the die at low die pressure: 

Z, = CQAT + QAP 

AT in this case is the difference 
between the temperature of the 
plasticized compound in the vent 
and the temperature of the ex- 
trudate 

240 (187 x 615 x 10°) 

(182°C 166°C) + (187 
6.15 x 10°") 780 psi 
1420 + 896 
Z 5316 in.-Ibs./sec. 


8.07 hp 
The amount of power required for 
the total compounding extruding 
operation in this case is calculated 
to be 45,600 in.-lbs./sec. The power 
consumed for the single screw ex- 
tension is seen to be 5316 in.-Ibs./sec. 
or almost 12°, of the total power. 
About 80°; of this is shown to result 
from the increase in temperature 
due to the shearing of the compound 


in this section of the machine. The 
power required to force the com- 
pound through the die was only 896 
in-lbs./sec., about 2° to the total 
power demand. 

A further comparison may be 
made since at one time during a run 
the conductor centering mandrel be- 
came loose and caused a gradual 
increase in die pressure, stock tem- 
perature and torque. We can com- 
pare these as follows: 

I. A. Measured Power 
Z 75,600 in.-lbs./sec. (at 
a die pressure of 1650 
psi and stock tempera- 
ture—200°C.) 
B. Calculated Power (For same 
conditions as above) 
Z,. = 73,200°+ 2,790 
Z,., = 75,990 in.-lbs./sec. 
II. A. Measured Power 
Z,,,» — 80,600 (at die pressure 
of 1900 psi and tem- 
perature of 211°C.) 
B. Calculated Power (For same 
conditions as “II A”) 
Z,» = 77,600 + 3,210 
Z,. = 80,810 in.-lbs./sec. 

There is a_ surprisingly close 
numerical relationship between the 
calculated power and measured 
power. The difference in power re- 
quirement to run at 1900 psi die 
pressure versus 1650 psi die pres- 
sure was about a 6° increase, but 
most of this was consumed in rais- 
ing the temperature from 200° to 
211°C. 


mi 


Water Removal 

Some difference in the operation 
of standard compounds is frequently 
experienced at different times dur- 
ing the year. This is expected to be 
caused by some moisture picked up 
from the atmosphere as well as 
volatiles that will flash at the proc- 
essing temperatures in the extruder. 
The following calculation shows the 
effect of 1° water in a mix as a 
function of the total power required 
for processing. 


Heat Loss due to Evaporation of 1% 
Water in Extruder Vent 
Assume: 
1. 400 Ibs./hr. rate 
2. 755 x 10* ft.-lbs./lb. water (heat 
of vaporization) 
H, 755 x 10° ft.-lbs./Ib. water x 
4 lbs. water hr. 
3600 sec. hr. 
H. 10,030 in.-lbs./sec. 

At 400 lbs. hr. and relatively low 
die pressure and extrudate tempera- 
ture the total power would be about 
80,000 in.-lbs./sec. Therefore, to re- 
move 1° of water would require 
an increase of over 12% in the total 
power (or heat) input to the ex- 
truder. 


Summary 


The information used in this pa- 
per was taken from a series of tests 
to determine the compounding effi- 
ciency and uniformity of extrusion 
of a dual worm extruder. By making 
a few key measurements it became 
a simple task to prove, by calcula- 
tions with the recorded data, the 
following points. 

1. Most of the energy used in ex- 
trusion is consumed in raising the 
temperature of the plastic. 

2. If the specific heat of the plastic 
is known the power requirement for 
extrusion may be easily calculated. 

3. The loss of heat from the plas- 
tic must be considered. Heat removal 
because of moisture stripping in a 
vent or worm or barrel cooling must 
be taken into account in calculating 
power requirements. 
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Summer sessions at MIT will in- 
clude a series of short, intensive 
programs in specialized fields of 
science, engineering, management 
and planning. These classes are 
planned for professional people de- 
siring to be brought up to date or 
as a refresher course. 

Classes of especial interest to the 
plastics engineers are also included: 
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Plastics Courses on MIT Summer Program 


AbHESION: THEORY AND Practice. A 
complete survey of the present status 
of this emerging science will be pre- 
sented during this session from June 
29-July 3rd. MECHANICAL AND PuysI- 
CAL Properties OF Ptastics, will be 
held June 22-June 26. A survey of 
some recent developments, with spe- 
cial emphasis on new experimental 
methods and techniques. Tuition, 


$175 each for the above courses. 
MATERIALS For PARACHUTE AND 
RETARDATION DEVICES is a course 
planned for technical personnel of 
the aircraft or missile fields. For 
further information write to: Pro- 
fessor James M. Austin, Director of 
Summer Session, Rm. 7- 101, Massa- 
chusetts Institute of Technology, 
Cambridge 39, Massachusetts. 
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NEWS LETTER 


Here's the big news! We now offer continuous 
availability of virgin high impact Polystyrene, 
natural and colors, and virgin crystal Poly- 
styrene. 

We make material of first class quality in all 
currently required formulations, in pellets or 
colorant blend. 


For price schedule, please use coupon below. 


We compound and color Polypropylene to 
customers specifications. We also tailor- 
make formulations consisting of Polypropylene 
and Polyethylene blends. 


Of course, if it's Polyethylene you need, we 
carry huge inventories of resins in every 
melt index and all densities: 
For Blow Molded Shapes - For High Lustre, 
Stiff Housewares and Toys - For Extrusion 
of Rods, Tubes, Pipes, Shapes. 


Consult with one of our technically qualified 
salesmen. He can tell you which of our for- 
mulations you should use to produce a better 
product at a lower cost. 


Jet-black reprocessed Nylon, uniform from 


batch to batch, available for prompt shipment. 
Also available: Reprocessed natural beige, 
6 or 66. 


INTERPLASTICS 


© > 
8 


a \ 
120 EAST 56th STREET, NEW YORK 22,N.Y., U.S.A. 
TEL: PLAZA 1-4280 CABLE ADDRESS: INPLAKO 


eeececee Just clip to your letterhead and mail to: eeeeseses, 
INTERPLASTICS CORP. 120 E. 56 St. New York 22, N. Y.$ 
INTERPLASTICS Polystyrene Price List () 
INTERPLASTICS News Letter Mailing List ( ) 
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Heat Transfer in Plastics 


The plastic industry makes wide use of heat processes 
but carries them out almost exclusively on the basis of 
experience, without attempting thermal analysis. While 
this has proved satisfactory in many instances, im- 
portant improvements and savings may be expected 
from a more rigorous approach, 

Large scale computing devices, insofar es they have 
found application in the plastics industry, are used 
either for administrative purposes (payroll, time-keep- 
ing, warehousing, etc.) or if applied technically serve 
mainly for design of experiments. 

Passive element analog computers such as the Heat 
and Mass Flow Analyzer are specially designed for 
thermal studies and have proven themselves very suc- 
cessful in the solution of industrial thermal problems. 

In order to familiarize the plastics industries with 
this important tool, the Columbia University Heat and 
Mass Flow Analyzer Laboratory will present a work- 
shop on 


THE APPLICATION OF PASSIVE ELEMENT ANALOG COM- 
PUTERS TO THERMAL PROBLEMS IN THE PLASTICS INDUSTRY 


I. General Session: Role of large scale computers in 
the plastics industry; organizational vs. technical 
problems; design of experiments vs. obtaining solu- 
tions; use of computers to reduce the number of 
variables and to determine the relative importance 
of several variables in production.Types of Com- 
puters: The Role of heat transfer in the manufac- 
ture and forming of plastics; discussion of the ele- 
ments of heat transfer; The Heat and Mass Flow 
Analyzer; description and application. 

II. Typical Examples from the Plastics Industry: The 
following problems occurring in the plastics in- 
dustry will be discussed and specific demonstration 
tests set up on the computer and solved; handling 
of variations of these problems will be discussed. 
During these sessions there will be an opportunity 
on the part of the participants to suggest modifica- 
tions and changes: Calendar rolls; heating and 
cooling of press plates; extrusion processes; injec- 
tion molding; the flow of plastics in narrow open- 
ings in the molds (runner problem); heat ex- 
changers as used in the production of plastics. 

III. Problem Session: Open for discussion of problems 
mentioned by the participants; evaluation of prob- 
lems presented in the light of the possibility of 
analytical or computer treatment. 

The workshop will be given in essentially non- 
mathematical terms, but will show how to solve heat 
flow problems by analogy techniques. 

The workshop, to be held from July 13th to July 17th, 
1959, inclusive at Columbia University, Room 624 En- 
gineering Building, will be given by Professor Victor 
Paschkis, Director of the Heat and Mass Flow Analyzer 
Laboratory and by his staff. 

Cost: $150 per person, exclusive of room and board. 
The workshop cannot carry academic credit. Inquiries 
or applications for registration, accompanied by a check 
made out to Columbia University, should be addressed 
to the Heat and Mass Flow Analyzer Laboratory, Room 
624 Engineering, Columbia University, New York 27, 
New York, and should be received by May 15, 1959. 
The workshop is limited to 15 participants but will be 
held only if there are at least 10 qualified registrants. 
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NYLON DRYING 


SPECIALTIES 


A BUILT-IN DEHUMIDIFIER 


Sealing Drawers! 2 HP Fan! 10 KW 
Heat for Quick Recovery: The Only 
Oven Built Expressly for All Thermo- 
plastic Work. Price Complete for 220- 
volt Operation $1885.86 


SPECIALIMS NYLON NOZZLE KITS 


NYLON i WITH IMPROVED REVERSE TAPER DESIGN 
ANNEALING 


TANKS MODEL A— 
| with Variac Control 
Price, complete with 14%4"°— 
8 thread, 5” nozzle, 
orifice, or radius 

Bottom Drain — Low Heat 

Density — Even Heat Distri- nezsie $194.10 
bution — Complete with Bas- 


kets for 220 Volt: 60 Cycle: 
1 Phase. 


Heater Band Book Today. You'll find all with Pyrometer 
styles of nozzles and heater bands fully 
— and priced, with technical notes 
rompt } service on all kinds of nozzles by Price complete as shown with 134"—8 thread 


nozzle orifice, Y2" or ¥%" radius $381.75 
= Write for prices on other nozzle types. 
INJECTION MOLDERS SUPPLY 
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Edited by Louis Paggi, Consultant 
E. I. du Pont de Nemours & Co., Inc. 


ANSWERS TO YouR MOLDING PROBLEMS: 


Which Sprue pullers are best: 


What causes delamination near a Gate? 


How do you get a 


Q—What is considered to be the 
best type of sprue puller? 


A—If the shot is to be manually 
removed from the mold, the “Z” type 
puller is the most positive. If the 
base of the sprue must be flush 
with the surface of the movable half 
of the mold, the “sucker” pin type 
is best. When a very shallow cold 
slug well is desired, the 0.015” 
is of uniform temperature and the 
undercut annular ring is best. The 
offset type is best when knockout 
pins cannot be used. Molds designed 
for automatic operation generally 
employ the “sucker” pin type be- 
cause it offers the least chance of 
“hanging” in the mold. 


good weld ona ring-like part: 


Q—What is the cause of delamina- 
tion in the area of the gate of 
polyethylene moldings? 


A—This defect is the result of 
forcing relatively cold material into 
the mold cavity. It is a form of stress 
cracking seen through a different 
dimension than the radial cracks 
emanating from the gate of im- 
properly molded containers. 

This problem can usually be 

eliminated by: 

Higher material temperature 

2, Weigh feeding the shot 

. Short plunger-in time 

4. Fast filling of the mold 

. Warmer mold 


3. Gating into a thicker section 


FOR AUTHORITATIVE ANSWERS 
send your questions on molding to 
Louis Paggi, Sales Service Lab- 
oratory, Polychemicals Dept., E. IL 
du Pont de Nemours & Co., Inc., 
Wilmington 98, Delaware. 


. Lower injection pressure 
. Avoiding contamination by 
other polethylene composi- 
tions. 
The problem may be more difficult 
to eliminate if the mold has a 
tendency to flash easily or the 
geometry of the part is such that 
ideal molding conditions cannot be 
employed. 
(See “Flow Orientation in Injection 
Molding” by H. B. Kessler, SPE 


Journal, November 1958) 


Q—How can I eliminate a weakness, 
or tendency to crack at the weld 
of a ring-like part? 


A—Provide a generous overflow of 
material beginning at the point 
where the two fronts meet and 
continuing to a well in the bottom 
of which is a generously vented 
knock-out pin. 

If the material entering the mold 
is of uniform temperature and the 
ring is of uniform. cross-section 
throughout, the two fronts will meet 
at a point diametrically opposite the 
filling gate. 

If the cross-section or melt tem- 
perature are not uniform, the loca- 
tion of the must be 
determined by experimental mold- 
ing. 

The entry gate into such a part 
should preferably be flared to re- 
duce the tendency to crack at the 
gate. Multiple gating into such a 
part, in an effort to shorten the run 
and thereby hopefully weld hotte: 
material has not been a_ practical 
solution to this problem. 
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You can bank on 


Order GERING Reprocessed Thermoplastic Molding Compounds 


*Polyethylene Vinyl + Styrene + Impact Styrene Acetate 
* Nylon «+ Acrylic «+ Styrene Copolymer + Butyrate 
— CUT COSTS WITHOUT SACRIFICING QUALITY! 
— GET TOP QUALITY COMPOUNDS, UNIFORMLY BLENDED! 
— MADE UNDER EXACTING QUALITY CONTROLS! 


GERING 


Gering Products, Inc., Kenilworth, N. J. 


Cable: GERING, Kenilworth, N. J. « Teletype: TWX-Cranford, N. J. 137 
Sale Offices: 5143 Diversey Ave., Chicago 39, Ill. * 115 Larchwood Rd., Mansfield, Ohio-* 216 Wild Ave., Cuyahoga Falls, Ohio » 103 Holden St., Holden, Mass. 
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Edited by Thomas A. Bissell 
SPE Executive Secretary 


NATIONAL ACTION 


Membership is on the Move! 


James R. Lampman, Chairman 
National Membership Committee 


The results of the fine campaign 
spearheaded by Frank Reynolds, 
National Membership Chairman for 
1958, continue to show themselves. 
Over 300 persons have sent in ap- 
plications for membership in this 
growing society in the month of 
February alone, and this is the 
shortest month in the year! 

With such a fine record behind 
us, we have every incentive to 
press on to even greater triumphs 
under the able leadership of George 
Martin, Administrator for Sections 
and Membership. This year’s Na- 
tional Membership Committee be- 
lieves that we can have over 8,000 
members of our National Society by 
the end of 1959. President Sutro has 
set the 8,000 mark as our goal, and 
we believe we can exceed this mark 
by a comfortable margin with just 
a little effort. 

What are the things that work in 

our favor? 
A. A new organization (suggested 
by Mr. Reynolds and his Commit- 
tee) which is being put into effect 
this year for the first time. This 
plan is based on the organization 
of the Society into 7 Regions into 
which all Sections fall, developed 
during 1958. Each Region has a 
Regional Membership Chairman and 
his committee. 

The advantages of this plan are 
obvious. It speeds communications 
and allows more personal assistance 
to the membership promotional 
activities of the individual Sections 
by the National Membership Com- 
mittee. A fuller explanation of this 
plan will be presented to the Sec- 
tions shortly. 

B. Our Society is now 42 Sections 
strong, and each Section is com- 
posed of members constantly on the 
lookout for likely prospects for 
membership in the Society. With 
each member provided with the re- 
vised membership booklet; “What 
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SPE Can Do For You”, we'll have 
one of the largest “sales forces” in 
the country. 

C. The 15th Annual Technical Con- 
ference in New York. Over 250 
people signed applications for mem- 
bership during this Conference. 
These applicants recognize the tech- 
nical advantages of belonging to 


the Society. In addition, there are 
now a total of 672 applications be- 
ing processed. Surely that many 
people can’t be wrong! 
D. The best member of the Mem- 
bership Campaign in 1959 is YOU. 
No one else has the unique flair for 
putting the advantages of member- 
ship into words like you do. We're 
counting heavily on your efforts 
this year to help us attain our goal. 
The barometer feature introduced 
last year is being changed slightly 
to provide the figures you want to 
see. The total membership barome- 
ter records members in good 
standing, plus members in process 
as before, but the other barometer 
column is labeled “Applica- 
tions Received.” This is a running 
total of all applications received 
during the year, and this is the 
one to which your attention is di- 
rected. With all the advantages we 
have in the Society, the mercury 
in this barometer should break its 
way through the top of the tube 
before the end of the year. Help 
us help the Society and you. Be a 
Salesman for the Society! 


Applications 
Received 
Goal 
1600 
January 31, 
1960 


Total 
Membership 
Goal 
8000 
January 31, 
1960 


MEMBERSHIP BAROMETER 


*Membership in good standing plus applications in process. 
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Feb. 28 
7095 


REVISED SPE CONSTITUTION ADOPTED 


With over 3,000 SPE members 
voting—almost half the members- 
in-good-standing at the time of the 
ballot—the revised SPE Constitu- 
tion received favorable votes of an 
overwhelming majority of members, 
according to the report of the three 
Tellers appointed by Council. The 
Tellers, George Baron and Edward 
L. Larkin, Jr., both of New York 
Section, and Ernest J. Csaszar, 
Newark Section, met at the National 


Office in Stamford on March 19 to 
count the ballots received up to 
March 18. 

Since the requirement for adop- 
tion of C-53 of our former Constitu- 
tion—"‘an affirmative majority of the 
votes cast” has been fulfilled, the 
revised Constitution has been adopt- 
ed and in effect since March 19, 1959. 


Frank W. Reynolds 
SPE National Secretary 
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Premix moldings speed assembly, make a better 
heater housing for Ford Motor Company 


When you turn to premix moldings for reinforced plastic 
parts, you benefit from higher quality of product and in 
creased production. The Ford heater housing above is a 


prime example, 


The housings formerly were made of stamped and welded 
metal. switch to premix molding eliminated —time- 
consuming assembly problems, produced a better product 
and increased production rate, Fillets, slots, holes and _re- 
cesses are formed in the mold, clean-cut and precisely lo- 
cated, Final assembly is quick and easy. Unit costs are lower. 


For making reinforced plastic products, premix molding 


has many advantages. Because the reinforcing fibers are 


blended with the resin before molding, they are uniformly 
distributed, regardless of wall shape or thickness. This 
means uniform strength throughout the unit. Preforming is 
eliminated. So are resin-rich areas, no matter how complex 


the mold or how heavy the section. 


Molders of strong, rigid, reinforced plastic parts have found 
that premix moldings made with Dow vinyltoluene and Dow 
styrene have definite manufacturing and product advan- 
tages. Production is higher, costs are lower. Premix molding 
may benefit your operation, too. For more information, 
write today to THE DOW CHEMICAL COMPANY, Midland, 
Michigan, Dept. 2378EX4. 


THE DOW CHEMICAL COMPANY - MIDLAND, MICHIGAN 
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Encapsulation, Printed Circuits and Fluidized Bed Process 


Co-Sponsored by the Northern Indiana Section and the Professional Activity Group 
on Plastics in Electrical Insulation. Walter A. Gammel, Sr., is Chairman of this Group. 
Van Orman Hotel, Fort Wayne, Indiana 
May 22, 1959 


8:00 A.M.—Registration, Van Orman Hotel Lobby 
Advance Registration arrangements may be made with 
F.C. Avila, General Electric Co., Laboratory, 1635 Broad- 
way, Fort Wayne, Ind. Fee: SPE members—$6.50; Non- 
members—$7.50. Registration fee includes luncheon and 
preprint book. 


Session | 

Embedment and Encapsulation in the Electrical In- 
dustry. Moderator: William J. Belanger, Jones-Dabney 
Co. 


9:15 A.M.—“A QUANTITATIVE CRACKING TENDENCY TEST FOR 
CastinG Resin Compositions”—R. G. Black, Westinghouse 
Electric Corp. 

Construction and use of a new test device is described 
The device affords a numerical index of the tendency of 
cast resin compositions to crack when cured about a rigid 
core and cycled thermally. Effects on the cracking tendency 
are shown for the following variables: filler type, filler 
concentration, hardener types, curing conditions, and thermal 
cycling. The device correlates usefully with the “Hex-Bar” 
test but is more rapid. 

9:45 A.M.—“Epoxy Motpinc Compounps’—William T. Yost, 
Booty Resineers Division, American-Marietta Co 
Epoxy Molding Compounds in the form of dry powders 

are now commercially available. These compounds contain 

the catalyst, release agent, filler, and in some types, fibrous 
reinforcement. These epoxy molding compounds can be 
either transfer or compression molded using equipment 
presently available. It is recommended that these epoxy 
compounds be used in areas which require high tempera- 
ture operation (400°F maximum), dimensional stability, and 
the electrical and chemical properties derived from using 
epoxy resins and where production quantities are demanded. 

10:30 A.M.—*“Use or FILLers For Propuctnc SpectaL Prop- 
ERTIES IN PLastics”°—Jerome Formo and Robert Isleifson, 
Minneapolis Honeywell Regulator Co. 

This paper relates the results of numerous attempts to 
overcome special design problems by judiciously selecting 
the fillers which will solve manufacturing problems while 
not upsetting the basic electrical properties needed. 

11:00 A.M.—*‘Motp Desicn FILLING TECHNIQUES FOR CAsT- 
ING AND Pottinc Resin Systems” —August L. Kraft, 
Automatic Process Control Co. 

Films of various type molds and filling techniques used 
in the production of parts made with casting and potting 
resin systems will be shown and gating of the molds, potting 
methods and evacuation techniques will be discussed. At- 
mospheric casting, vacuum casting, pressure vacuum im- 
pregnating, centrifugal casting, and transfer molding is in- 
cluded. 

11:30 A.M.—*Epoxy Resins FoR THE ENCAPSULATION OF ELEC- 
TRONIC Components” —Arthur F. Ringwood, General 
Electric Co. 

Epoxy resin formulations were made for encapsulating 
electronic components which must perform in environments 
at temperatures up to 90° and 105°C. Experiments were 
made with resinous extenders in filler epoxy formulations 
and physical and electrical properties obtained. Time- 
temperature (exotherms) curves were drawn on several 
systems cured with a room temperature hardener. The 
curves show the inter-relation of amount of filler, volume 
of casting, type of mold structure and processing tempera- 
ture which the amount of exotherm and length of cure of 
the selected epoxy formulations. 


Session Il 
Latest Progress and Techniques in Printed Circuitry 
Moderator: W. A. Gammel, Sr., Essex Wire Corp. 
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9:20 A.M.—“AUTOMATED SOLDERING OF PRINTED CIRCUITRY BY 
THE WAVE PrincipLe’—P. J. Budd and J. Dearie, Electrovert 
Inc. 

9:45 A.M.—“AppLyING THE APPLIQUE TECHNIQUE TO PRINTED 
Wirinc”—Dr. T. D. Schlabach, Bell Telephone Laboratories 

10:10 AMM.—“A Summary or PLatep-THroucH Proc- 
Esses”—J. E. Riley, Melpar, Inc. 

10:50 A.M—A Printep Circurr MANUFACTURER VIEWS MATE- 
RIALS—L. A. Gunsaulus, Photocircuits Inc. 

11:20 A.M.—“Continvous Pret STRENGTH TEST AND APPLICA- 
T’ON OF IT TO ANALYSIS OF UNDERWRITERS LABORATORIES BOND 
SrrenctH Test’—C. Keppel, Motorola Inc., and G. P. 
Schmitt, Panelyte Div., St. Regis Paper Co. 

12:00 to 2:00 P.M. Luncheon 

Luncheon Speaker: R. Kenneth Gossett, SPE National 
Past President 

Principal Speaker: Dr. C. D. W. Thornton, IT&T Labora- 


tories. 


Session Ill 
Round Table Forum on the Fluidized-Bed Process in 
the Plastics Industry 


2:00 P.M. to 5:00 P.M. 

“PRESENT COMMERCIAL STATUS OF FLUIDIZED-BED COATING 
IN THE UNITED STATES AND Europe” Louis L. Stott, 
The Polymer Corp. 

“Basic FLumizep Bep Process AND ITs MopiricaTions”— 


Dr. Joseph Gaynor, General Electric Co 

“FLu’p'zep-Bep Processing EQuIPMENT” Cecil W. Arm- 
strong, Armstrong Products Co. 

“THERMOPLASTIC COATING Powpers” —F. N. Nagel, National 
Polymer Products, Inc. 

“THERMOSETTING COATING Powpers”—Harry Howard, Shell 
Chemical Co. 

“APPLICATIONS FOR FLuIpIzED-BED Powpers” Robert L. 
Checkle, E. I. du Pont de Nemours & Co. 

“APPLICATION PROBLEMS ASSOCIATED WITH FLuIpIzep Coat- 
incs” —Newman Henry, Westinghoure Flectrie Corn 
“PRESENT AND Future Economic ASPECTS OF THE FLUIDIZED- 
Bep Process—J. R. Tuzinski, Minnesota Mining & Mfg. 

Co. 


Session IV 

Round Table Forum: The Relationship of Raw Mate- 
rials and Processing to Operational Problems and their 
Future 


2:00 P.M. to 5:00 P.M. 

Moderator: Dr. Paul Ritt, Melpar, Inc. 

Panel: John Martin, General Electric Co.; Harold V. Howe, 
Continental-Diamond Fibre Co.; E. B. Murphy, M.LT., 
Lincoln Laboratories; G. Kent Rosenquist, Dytronics, 
Inc.; Mrs. Edith Davies Olson, Diamond Ordnance 
Fuze Laboratories. 


Retec Committee 

General Chairman:—Max M. Lee, General Electric Co.; 
Program Chairman—C. A. Harper, Westinghouse Electric 
Co.; Registration Chairman—F. C. Avila. General Electric 
Co.; Publicity Chairman—William Leichner, Federal Divi- 
sion International Telephone & Telegraph Co.; Printing 
Chairman—John Haugsrud, Pribble Plastic Products Co.: 
Treasurer—R. Smenner, Hoosier Solvents: House Committee 
Chairman—M. M. Felger, General Electric Co.; Operations 
Chairman—H. B. Bolson, General Electric Co. 


Hotel Accommodations 

Arrangements for hotel accommodations may be made 
directly with the Van Orman Hotel, Fort Wayne, Indiana. 
Please state that you plan to attend the SPE RETEC 
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ing machine, was molded on a P 
e higher, more uniform product 
REED JETFLO ‘6’ during a recent mold lit 
uality 
evaluation run. Result: the JETFLO 
J cut the molding time in half witha © dry coloring without premixing 
: proven increase in product quality. Your shortest route to more profit- 
: The REED JeTFLO, through more able production is through the ACTUAL MOLD TEST RESULTS COMPILED BY THE REED JETFLO 6 
A efficient, faster plasticizingandlower —JeTFLO’s high-speed, low-cost mold- MATERIAL | cavities MACHINE MOLDING) MOLDING 
= : | CYCLE TIME CYCLE TIME 
i molding temperatures, provides the ing. For complete details, call your 
molder with these 3 important time REED Sales Engineer today. Acrylic 2 37 see 19 see 
Eye Glass | Butyrate 
Frames | (Hard Flow) 4 27 sec 14 sec 


| REED-PRENTICE 
x EAST LONGMEADOW, MASSACHUSETTS 
5 BRANCH OFFICES: NEW YORK + CHICAGO + BUFFALO + DAYTON « DEARBORN + KANSAS CITY + LOS ANGELES 


This Lionel flat car, normally pro- 
duced on a 8/10 oz. injection mold- 
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REED JETFLO cuts cycle time 50% on LIONEL flat car mold 


and money saving advantages: 


e faster molding 
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Southern California 


Vacuum Forming 
Charles C. Zimmerman 


Guest speaker Ned L. Roberts, 
president of Ned L. Roberts, Inc., 
demonstrated with his own vacuum 
forming machine during his talk. He 
reminded his audience that to the 
uninitiated, vacuum forming seems 
too simple and too universal. How- 
ever, it was disclosed that it has 
required many who are good crafts- 
men with knowledge of techniques 
and who have sensibly used sheet 
materials and the mold materials to 
develop this branch of our industry. 
He detailed many specifications and 
described the new drawn film pack- 
aging for delicate or easily damaged 
shipments and demonstrated the 
later technique. About 70 engineers 
attended. 


Milwaukee 


Election Announcement 
J.C Engman 


New officers for the 1959 term are 
Herbert A. Goeden, President: 
Joseph W. Stewart, Vice President: 
Richard L. Allen, Secretary-Treas- 
urer; Paul A. West, National Di- 
rector; James C. Engman, Publicity. 


Kentuckiana 


Members Speak 


R. O. Carhart 


Deviating from customary meet- 
procedures, the February program 
featured talks by their own mem- 
bers. These included “Report on the 
SPE 15th ANTEC’—Jack Berutich: 
“Sheet Forming Techniques”— 
Randy Carhart; “Molding of Rigid 
Vinyls’—Harry Davis; ‘“Plastisols” 
—Bill Hall; “Plastic Containers”— 
Bruce Oakley; “Color in Plastics”— 
Warren Slack. Following this, the 
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Board of Directors decided that all 
monthly meetings will be held on 
the 3rd Wednesday of each month 
at Bill Boland’s. It was also men- 
tioned that all members should refer 
their changes of address to Secretary 


R. O. Carhart, General Electric Co. 


Golden Gate 


University Tour 
Theo. V. Malianni 


A tour of the University of Cali- 
fornia’s famed Radiation Laboratory 
in Berkeley was the highlight of 
the January meeting. A brief in- 
troduction to the basics of the lab- 
oratory’s giant installations was 
followed by a conducted tour of the 
Cyclotron, Bevatron, cloud chamber 


Possible formation of Student Chapter 
of SPE is discussed at Lowell Techno- 
logical Institute. Meeting held on 
March 23rd included SPE members 
and guests. Pictured left to right are: 
Alfred Simon, staff assistant, Plastics 
Plant Research Div., Raythron Mfg. 
Co.; Dr. Russell W. Ehlers, LTI’s plastics 


and bubble chamber, that included 
walking around inside the Cyclo- 
tron and experiencing the extremely 
powerful magnetic field. 

Introduction of new officers by 
newly elected Section President 
James O. Turner, of the Radiation 
Laboratory was made during dinner 
at Spenger’s Fish Grotto. Vice- 
President—Robert Elliott; Secretary 

-William J. Hill; Treasurer— 
William C. Hodges, who has also 
been appointed General Chairman 
of the 1959 RETEC. 

The introductory talk on nuclear 
physics was given by Richard Bur- 
leigh of the Radiation Laboratory, 
who is project engineer for a 
pianned 88” Cyclotron. 

More than 65 persons attended the 
February 26th meeting. Leland J. 
Crumbley, vice president of Pacific 
Molds, Inc. was guest speaker. His 
topic was “Experiences in Hot Run- 
ner Molds,” and he explained that 
a design wherein the nozzle is in- 
sulated from the cavity by a thin 
film of plastic has been found and 
claimed to be most. satisfactory. 
Principal advantage of the hot run- 
ner mold is speed-up of molding 
cycle. On a production run of small 
styrene flower pots, they double the 
cycle speed over the conventional 
pin-point gated mold. On a single 
cavity polyethylene tray, they were 
able to increase speed three times 
over the formerly used conventional 
mold. 


engineering department head; Ralph 
L. Mondano, plant manager, Ray- 
theon’s Plastics Plant Research Div.; 
Frederick Sutro, Jr., SPE National 
President; LTI President Martin J. 
Lydon and Brooke Anderson, Student 
Plastics Society President. 
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Toronto 


Venting and Valving 
Advantages 


in Extrusion 
Harold A. Shure 


A. A. Kaufman’s (Prodex Corp.) 
lecture was confined to single screw 
extrusion, the vented and valved 
machine with a multistage screw 
where it is claimed the polymer 
passes through the chamber at a 
faster rate. Thermocouples and heat 
elements are not ideal indicators of 
stock temperatures as they merely 
show cylinder wall temperature. 
Watt meters are a good indication of 
polymer stock progress through the 
cylinder. Shallow screws are re- 
quired to give less back pressure 
and less time for the material to 
pass through the extruder chamber. 

Ninety-eight persons attended the 
meeting. 


Western New England 


Plastics Finishing 
C. Judd Holt, Jr. 


Sixty-three members and guests 
were present at the Bradley Field 
Terrace Room in Windsor Locks, 
Connecticut, for the dinner meeting 
of February 4. 

The theme of the meeting was 
plastics finishing. Lawrence W. 


North Texas Section held its first 
Plastics Seminar in the Dallas-Fort 
Worth Area. Pictured are some of 
the men responsible for this successful 
session, which was presented in 
February, 1959. Seated left to right: 
Ernie Dourlet, Cadillac Plastics; David 
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Freeman, Plax Corporation was 
technical chairman. 

Guest speakers were Howard M. 
Farrow, manager of vacuum process 
equipment for NRC Equipment 
Corporation, Newton, Massachusetts; 
and Michael A. Spina, head of the 
specialty ink department for Inter- 
chemical Corporation’s Printing Ink 
Division, Elizabeth, New Jersey. 

Mr. Farrow’s topic was “What's 
New in Metallizing?” He discussed 
the latest equipment and processes 
used in the metallizing of plastics. 
Lantern slides illustrated his talk. 

Spina spoke on “Printing on Poly- 
ethylene.” He described the meth- 
ods of printing on both branched 
and linear polyethylene. The discus- 
sion covered film, bottles, coated 
paper and molded containers. 


A. J. Winfield 


Three guest speakers, at the March 
4th meeting, E. A. Szymezyk, West- 
inghouse Corp.; R. H. Farrell, F. W. 
Sickles Division and C. A. Bauer, 
Sargeant & Co., highlighted the cur- 
rent opinions and uses of plastics 
in electrical appliances, hardware 
and other uses. It was pointed out 
that Underwriter’s Laboratories 
have passed very rigid restrictive 
ruling against the use of plastics in 
electrical appliances. This ruling is 
so far removed from the practices 
accepted by the plastics people that 
a joint meeting is scheduled be- 
tween Underwriters, SPI, SPE and 
several manufacturers associations 
to settle these difficulties. It was 
also found that industry requires 
good information in wider ranges 


A. Daniels, Convair; Hubert Poskey, 
Chance Vought. Standing: T. T. Tucker, 
Jr., Tommy Tucker Plastics, Section 
vice President and E. E. Swazey, 
Section President and Vice President 
and Chief Engineer of Lone Star 
Plastics. 


from the material suppliers and this 
general need for standardization is 
something that must be dealt with 
immediately. It is found that present 
needs in plastics are high tempera- 
ture materials. Problems concerning 
general acceptance of plastics for 
these various uses was of signifiance. 


Pioneer Valley 


Injection Molding Forum 
Gerald E. Berlyn 


Announcement of new Section 
Officers for 1959 was made at the 
January 8th meeting held at the 
Wachusett Country Club. President 
—Jack Berger; Vice President—Al- 
fred L. Coz; Secretary—Keith W. 
Lauer; Treasurer—Bertram Graham. 

Program for the evening consisted 
of a Facts Forum on Injection Mold- 
ing. A panel of Section members, 
well versed in their various fields, 
answered written questions from the 
floor. The panel consisted of Al 
McIntyre, McIntyre Machine and 
Sales Company, auxiliary equip- 
ment; Sid Lohman, Lester Phoenix 
Machine Company, for injection 
molding machines; Dick Leary, E. I. 
duPont Company, molding ma- 
terials; and Ted Underwood, Stand- 
ard Tool Company, injection mold- 
ing dies. 

Many interesting questions were 
asked of these men. Mr. Underwood 
discussed beryllium copper dies 
from the standpoint of heat transfer 
as compared to steel dies. 

Mr. Lohman explained how injec- 
tion molding could compete favor- 
ably with vacuum forming. Such 
items as scrap, trimming costs, tool 
costs, and quantity were considered. 

Overcapacity in various phases of 
the plastics industry was also dis- 
cussed from the point of view of 
price structure. 


Pittsburgh 
Nylon Applications 
John E. Parks 


Design aspects and material usage 
of nylon and nylon molding were 
presented by Howard H. Irvin, 
Marbon Chemical Co., and W. C. 
Wall, E. I. du Pont de Nemours & 
Co., Inc. The development and de- 
sign of newly created products was 
explained, as well as their use from 
the technical standpoint of these 
materials and reasons for using 
specific materials. 
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Central New York 


Scope of Glass Fiber 
Industry 


James R. Lampman 


Functions of the glass fiber rein- 
forcement laboratory were described 
in a talk given by John McBride 
during the February meeting. Mr. 
McBride is from the Ashton, Rhode 
Island laboratories of Owens-Corn- 
ing Fiberglas Corp., and explained 
the vast scope of glass fiber rein- 
forcement in the industry. At the 
conclusion of the session some ad- 
ditional information relating to glass 
finishes and strengths contributed 
supplemental information and, pop- 
ular consumer products of general 
interest was discussed. Norman 
Berg, Section President, informed 
the membership of the action taken 
at the annual meeting relative to the 
new Constitution and indicated the 
high degree of confidence placed in 
this new Constitution by those at 
the annual meeting. 


Central Indiana 


Panel on Epoxy Tooling 
W. P. Miller 


Following dinner and a business 
meeting held on February 24th, 
which was attended by 91 members 
and guests, a panel discussed various 
phases of epoxy tooling. Joseph 
Tierney, Houghton Laboratories 
spoke on the set-up of equipment 
and personnel in starting a new 
plastics tooling division. Merle 
Thompson, Arvin Industries, de- 
scribed his company’s tooling sec- 
tion and their use of epoxy in metal 
draw dies, short runs and models. 
Peter Dehoff, Shell Chemical Co., 
explained a procedure of making 
heated molds for compression and 
rubber molding from epoxies. 


Connecticut 


Coloring of Thermo- 


plastic Materials 
K. G. Clarke 


Importance of close cooperation 
between the processor and the col- 
orist or compounder was empha- 
sized by David Mersey, President 
of Multiplastics Inc., Wallingford, 
Conn., during his talk on March 
13th at the Hotel Barnum in Bridge- 
port. Various techniques used for 
imparting colors to plastics were 
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discussed in detail, along with the 
unique problems associated with the 
type of colorant, end-use environ- 
ment, and processing requirements. 
According to the speaker, the func- 
tion of the compounder is the cus- 
tom tailoring of thermoplastics. In 
addition to coloring plastics mate- 
rials, the compounder can perform 
other functions such as_ blending 
in anti-oxidants and ultraviolet sta- 
bilizers. 


St. Louis 


Forming Techniques 
Lyle R. Dean 


Joseph Hines, Field Sales Man- 
ager, Autovac Co., was guest speak- 
er. His topic, vacuum forming, 
created much audience interest and 
was followed by a question and 
answer period. 

A letter of appreciation was signed 
and sent to former president Harold 
Holtz, who was recently transferred 
to Chicago. 


Buffalo 


Movie on Polyester 


Ken Ditzel 


At the January Meeting, Mr. John 
Edwards, Product Manager, Durez 
Division of Hooker Chemical Cor- 
poration, presented two colorful 


Committee for Pittsburgh RETEC, Plas- 
tics in the Metal Industry to be held 
on May 7, 1959 at Penn-Sheraton 
Hotel, Pittsburgh, Pennsylvania. Left 
to right: Paul E. Cornyn, Koppers Co., 
Inc., Publicity Chairman; Leonard 
Louvik, Bruce Molded Plastic Products 
Co., Inc., Section President; J.B. 


films showing the advantages of 
using fire resistant Hetron polyester 
resins in the manufacture of struc- 
tural panels and boats. The guest 
speaker was introduced by John P. 
Valentine, also of the Durez Plastics 
Division. 

At this meeting, Gordon K. Storin 
turned over his plastic gavel to the 
new President, Kenneth L. Ditzel, 
Sales Manager, Lucidol Division, 
Wallace & Tiernan Incorporated. His 
fellow officers for 1959 will be: Vice 
President, William J. Dunmeyer, 
Carborundum Company; Secretary, 
John C. Henderson, Atlas Plastics; 
Treasurer, Arthur A. Engl, Sterling 
Molders; National Director, H. S. 
Nathan, Atlas Products. 


Miami Valley 


Two Talks Given 
Stephen D. Marcey 


“Applications of Thermoplastics 
from Basic Shapes,” was discussed 
by William Benkleman of Cadillac 
Plastics and Chemical Co., during 
the March meeting held at the Can- 
dle Glo Inn, Sharonville, Ohio. Fol- 
lowing this, Harold Moll, Model and 
Mockup Unit, G.E. Jet Engine Div., 
spoke on “Model Shop Operation. 
The first presentation covered the 
various possible applications of the 
thermoplastic materials, the 
second topic discussed the use and 
care of the varied equipment found 
in a model shop. 


Schmitt, Koppers Co. Inc., RETEC Pro- 
gram Chairman; John E. Parks, Hy- 


draulic Press Mfg. Co., Chairman; 
Edward R. Hatfield, Bakelite Co., 
Registration Chairman; George H. 
Coleman, E. |. du Pont Co., Program 
Committee; R.B. Johnson, Dow Chem- 
ical Co., Treasurer. 
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16TH ANTEC 


ANNUAL TECHNICAL CONFERENCE— 
January 12-15, 1960, The Conrad 
Hilton, Chicago, Ill. Sponsored by 
the Chicago Section. For more in- 
formation, contact General Chair- 
man Franklin L. Fine, Rohm & 
Haas Co., 5750 W. Jarvis Ave., 
Chicago 31, Ill. Request for papers 
on page 275 this issue. 


1959 NATEC 


NATIONAL TECHNICAL CONFERENCE 
October 13-14, 1959. The Ambas- 
sador, Los Angeles, Calif. For more 
information, contact General Chair- 
man, Jack G. Fuller, “ Chemtrol 
Co. 10872 Stanford Ave., Lynwood, 
Calif. See tentative program on page 
273 of this issue. 


RETECS 


A Desicner’s Loox at Rerrorcep 
PLASTICS FROM THE PLEASURE Boar, 
ANd INDUSTRIES 
Viewpoint—April 28, 1959, Adolphus 
Hotel, Dallas, Texas. Sponsored by 
the North Texas Section. For in- 
formation write to Chairman Wil- 
liam McConnell, Air Accessories, 
Inc., 1400 Henderson St., Ft. Worth, 
Texas. For complete program see 


page 239, March 1959, SPE Journal. 


PLASTICS IN THE Meta. INpuUSTRY 
May 7, 1959, Penn-Sheraton Hotel, 
Pittsburgh, Pa. Sponsored by the 
Pittsburgh Section. For information 
write to Chairman John Parks, Hy- 
draulic Press Mfg. Co., 512 Empire 
Bldg., Pittsburgh 22, Pa. For com- 
plete program see page 249, March 
1959, SPE Journal. 


Puiastics tN ELectricaL INSULATION 

May 22, 1959, Fort Wayne, Ind. 
Sponsored by the Northern Indiana 
Section in cooperation with the 
Plastics in Electrical Insulation PAG. 
Program includes papers on en- 
capsulation, printed circuitry and 
fluidized bed coatings. For informa- 
tion write to Chairman Walter A. 
Gammel, Sr., RBM Controls Div., 
Essex Wire Corp., Logansport, Ind. 
For complete program see page 319 
of this issue. 


324 


PLASTICS IN THE AUTOMOTIVE INDUS- 
try—June 30, 1959. Sponsored by 
the Detroit Section in cooperation 
with the Plastics in the Automotive 
Industry PAG. For information 
write to Chairman John Donalds, 
The Dow Chemical Co., 450 Fisher 
Bldg., Detroit 2, Mich. 


Vinyt Ptastics—October 7, 1959, 
Cleveland, Ohio. Sponsored by the 
Cleveland Section. For information 
write to William Messina, 414 Shaw- 
nee Place, Huron, Ohio. 


Priastics 16, 
1959, The Niagara Hotel, Niagara 
Falls, N. Y. Sponsored by the Buf- 
falo Section in cooperation with the 
Plastics Finishing PAG. For infor- 
mation write to Chairman Gordon 
K. Storin, 3 Forest Rd., Lewiston 
Heights, Lewiston, N. Y. 


PLASTICS IN THE SHOE INDUSTRY— 
November 4, 1959, St. Louis, Mo. 
Sponsored by the St. Louis Section. 
For more information write to Otto 
Wulfert, Chairman, “ Wagner Elec- 
tric Co., 6400 Plymouth Ave., St. 
Louis 14, Mo. 


Piastics IN Packacinc—November 
19, 1959, San Francisco, Calif. Spon- 
sored by the Golden Gate Section. 
For information write to Chairman 
Bill Hodges, Hodges Chemical Corp.., 
1801 Spring St., P.O. 190, Redwood 
City, Calif. 


oF PLastics—December 
1959, Washington, D. C. Sponsored 
by the Baltimore-Washington Sec- 
tion. For information write to 
George Flanagan, 1112 19th St., 
N.W., Washington 6, D. C. 


PAG MEETING 


STANDARDS FOR REPORTING PROPERTIES 
—April 15, 1959, National Bureau of 
Standards, Washington, D.C. Elec- 
tion of officers and establishment of 
a scope of activity will take place. 
Advise Executive Secretary, Tom 
Bissell or PAG Administrator, Frank 
W. Reynolds, by April 1, 1959, of 


your plan to attend. For conven- 
ience, this meeting is held in con- 
junction with the Baltimore-Wash- 
ington forum to be presented the 
preceding day as stated below. 


TECHNICAL FORUM——— 


BALTIMORE-WASHINGTON—April 14, 
1959, National Bureau of Standards, 
Washington, D.C. Presentation of 
eight papers are to be made. A tour 
of the facilities of the Bureau will 
follow. For information write to 
Dr. Irving Wolock, 2209 Richland 
Pl., Silver Spring, Md., or phone 
him at Naval Research Lab. Note 
above schedule for PAG meeting to 
follow on April 15th. 


—— SECTION MEETINGS 


New York—April 15, 1959, Governor 
Clinton Hotel, New York City. Irwin 
L. Podell will moderate a discussion 
on “Epoxy Plasticizers for Vinyls.” 
Joseph Fath will speak on mono- 
meric epoxies, and R. F. Conyne’s 
subject will be on polymeric epoxies. 


PirrspurcH—April 17, 1959, Sherwyn 
Hotel, Pittsburgh, Pa. “Roll of Plas- 
tics in Industrial Design,” will be 
discussed by Peter Muller-Munk. 
Injection molding and thermoform- 
ing sub-groups will also meet here 
at this time. A speaker from Reed- 
Prentice will discuss Jet-Flo. A 
representative of Hi-Kal-Ober, Inc., 
will speak on in-line automatic 
vacuum forming. 


CLEvVELAND—April 20, 1959, Cleve- 
land Engineering Society. “Polyole- 
fins” will be the subject for discus- 
sion. 


Western New EnNGLAND—May 8, 
1959, Bradley Field, Windsor Locks, 
Conn. William C. Richards, Jr., will 
present a film and discussion cover- 
ing plastics applications utilizing 
controlled-air power equipment. 


Cuicaco—May 11, 1959, Western So- 
ciety of Engineers Building. “Flam- 
mability of Plastics,” will be the 
topic of a talk by L. N. Chellis. 
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ABOUT MEMBERS 


Dr. J. R. Weschler has joined the Structural Resins 
Laboratory of Ciba Products Corp., Kimberton, Pa. Dr. 
Weschler will be in charge of customer service. He has 
been actively engaged in sales and technical service 
concerning the use of epoxy resins for electrical and 
coating applications since 1955. His former position was 
product development engineer with Permacel-LePage’s 
Inc. Dr. Weschler is affiliated with the Newark Section 
of SPE. 


Thomas J. Kreiner, Rocky Mountain Section, has been 
named southwest regional sales manager for Carlon 
Products Corp., Aurora, Ohio, according to an an- 
nouncement by Thomas W. Dunn, vice president, sales, 
of the company. Mr. Kreiner will maintain offices at the 
company’s Corsicana, Texas plant and will supervise 
the Carlon sales force for Texas, Louisiana, Oklahoma, 
eastern New Mexico and the mountain states. A native 
of Cleveland, Ohio, he was formerly sales manager of 
Western Plastics, Hastings, Neb. 


Thomas J. Kreiner Herbert R. Herman 


Herbert R. Herman becomes chief chemist for Fiberfil, 
Inc., Warsaw, Indiana, it was announced by the firm’s 
vice president and general manager, William H. Chad- 
bourne. Mr. Herman was formerly research chemist for 
Pennsylvania Industrial Chemical Corp., chief chemist 
for Ball Chemical Co., and was engaged in research 
work for the U. S. Chemical Warfare Service. A gradu- 
ate from Washington and Jefferson College with a B.A. 
degree, he also attended John Hopkins University, Car- 
negie Institute of Technology and the University of 
Pittsburgh for post-graduate courses. Mr. Herman is a 
member of the Chicago Section of SPE, American 
Chemical Society and Phi Beta Kappa Society. 
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Richard G. Phelps has been appointed Customer Service 
Group Leader for U. S. Industrial Chemicals Co. and 
will continue to be located at the Polymer Service Lab- 
oratories, Tuscola, Ill. Since joining U.S.I. in 1957 he 
has been a technical service engineer. A graduate of the 
Missouri School of Mines in 1951 with a B.S. degree in 
Chemical Engineering, he was formerly employed by 
E. I. du Pont de Nemours & Co., Inc.; Spencer Chemical 
Co. and Panelyte Div. of St. Regis Paper Co. He is a 
member of SPE, Central Indiana, Tau Beta Pi, Phi 
Kappa Phi and Alpha Chi Sigma. 


Richard G. Phelps Arthur Weinberg 


Dr. Arthur Weinberg of New Shrewbury, NJ., has 
been appointed vice president and group manager, 
Public Relations department, G. M. Basford Co., a 
New York advertising agency. Dr. Weinberg earned 
his B.S. degree in chemistry from Carnegie Institute 
of Technology, and his M.A. and Ph.D. from Columbia 
University. He joined Basford in 1952, and had been 
an account group manager. He is a member of the 
American Chemical Society, New York Chemists Club, 
Society of Plastics Engineers, New York Section and 
the American Philosophica) Association. 


Richard J. Thompson, Western New England Section 
of SPE, was assigned to sales development position for 
polycarbonate resins with General Electric, according 
to an announcement by Sam L. Brous, marketing man- 
ager for the Chemical Materials Department, Pittsfield, 
Mass. He has served in several sales capacities with 
GE since 1954. A native of Deerfield, Ohio, he is a 1950 
graduate of Pennsylvania State University, with B.S. 
and M.S. degrees in chemistry. Previous to joining 
General Electric, he was associated with the U.S. Rub- 
ber Co. and the Trojan Powder Co. 


Robert Romo, Joe B. Smith and Thomas Gaffey al! 
members of the Golden Gate Section, have recently 
organized the new Jayro Corp. The office and plant, 
already in production, is located at 61 Rodgers St., San 
Francisco. Reinforced plastic containers, custom molded 
parts and foamed products for packaging delicate in- 
struments for shipping and storage are its specialties. 
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Martin A. Phillips has been appointed to the project 
engineering staff of the plastics engineering department 
at Goodyear Aircraft Corp., it was announced by Chief 
Engineer E. A. Brittenham, Jr. He has been engaged 
in the engineering of the massive tracking antenna the 
company is producing for the U. S. Air Force’s Nike- 
Zeus antimissile system. A native of Cleveland, Ohio, 
Phillips attended John Carroll University and was 
graduated in 1952 from Case Institute of Technology 
with a Bachelor of Science degree in chemical engineer- 
ing. He is a member of SPE, Cleveland Section, and 
Alphi Chi Sigma. 


W. R. Christopher has been appointed polycarbonate 
market development manager for General Electric, 
Chemical Materials Dept., it was announced by Sam 
L. Brous, marketing manager for the company at Pitts- 
field, Mass. Mr. Christopher joined General Electric’s 
marketing training program in 1947. He is a graduate 
of DePauw University with a B.A. in history and eco- 
nomics, and received his M.S. in marketing from Colum- 
bia University School of Business in 1947. His SPE 
affiliations are with the Western New England Section. 


OBITUARY 


Luther B. Turner, 55, Enjay Co. expert on polymers 
and plastics, died March 5, while on a business trip to 
Louisville, Ky. Stricken at the Louisville Airport, he 
was dead on arrival at the hospital. Mr. Turner received 
his bachelor’s degree in chemistry in 1928 from the Uni- 
versity of Kentucky, where he was elected to Phi Beta 
Kappa, and subsequently earned his master’s degree in 
chemical engineering at M.1.T. Mr. Turner was with 
Enjay and other affiliates of Standard Oil Co. (N.J.) for 
27 years and was associated with the development of 
polymers and other petrochemical products for nearly 
all that time. He was a member of the honorary scien- 
tific society, Sigma Xi and the Newark Section of SPE. 


Clarence W. Coe 


Clarence W. Coe, died suddenly at home February 28, 
1959 from complications following an operation. Mr. Coe 
was widely known as one of the most able and experi- 
enced manufacturers of plastics products. He was mana- 
ger of Stonington Division of Plax Corp. Mr, Coe was 
a member of “Plastics Pioneers,’ SPE, Western New 
England Section, and SPI. He is survived by his wife, 
a son and daughter. His residence was in Pawcatuck, 
Conn. 
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Report on Eighth International Meeting 
of ISO Technical Committee on Plastics 
Available Free to SPE Members 


An annual report of ISO/TC-61 Committee on Plas- 
tics for 1958, is being offered free of charge to all in- 
terested SPE members, Larger quantities can be ob- 
tained for a small nominal charge. SPE is pleased to 
extend this service in order that members may receive 
a comprehensive report of this important meeting held 
in Washington, D. C. November 3-8, 1958. 

This 68-page document contains information on all 
activities and events which took place during the meet- 
ing, as well as details on international plastics develop- 
ments and progress in the establishment of plastics 
standards. 

It carries the minutes of the eight ISO/TC-61 Work- 
ing Groups and the first draft on five ISO Recommen- 
dations. 

For your free copy, write to Society of Plastics Engi- 
neers, 65 Prospect Street, Stamford, Connecticut. 


Dr. Herman F. Mark to Present 
Edgar Marburg Annual Lecture on June 23rd 


On Tuesday, June 23, 1959, Dr. Herman F. Mark, 
Director, Polymer Research Institute of the Polytechnic 
Institute of Brooklyn, will present the annual Edgar 
Marburg Lecture at the 62nd Annual Meeting of the 
American Society for Testing Materials at Chalfonte- 
Haddon Hall, Atlantic City. 

This lecture is held annually as a memorial to the 
first secretary of ASTM and was formed with the inten- 
tion of stressing the promotion of information of prop- 
erties and testing of engineering materials. 

The discovery of new catalytic systems and develop- 
ment of new methods of polymerization now permits 
the preparation of many organic polymers with a higher 
degree of molecular regularity than was previously 
possible. While some of these materials have significant 
applications; others are still in the embryonic stages of 
investigation. 

Dr. Mark is prominently renowned throughout the 
world as a scientist and teacher in X-ray, macromole- 
cules and structure of matter. He has authored several 
hundred review articles in varicus languages and eleven 
books. 

A recipient of honorary degrees from several Euro- 
pean universities. Dr. Mark holds honorary member- 
ship and membership in many scientific associations and 
was honorary president of the American Society of 
European Chemists and Pharmacists in 1952. 


Need Exhibitors for Show 


The 1959 PAG Plastics in Building is con- 
sidering the preparation of a travelling educa- 
tional show to point up uses of plastics in 
today’s buildings. This show will be restricted 
to museums, universities and other educational 
institutions. 

If your company would like to be considered 
as an exhibitor, please write to Armand G. 
Winfield, P. O. Box 245, Hazardville, Conn., 


as soon as possible. 


SPE JOURNAL, April, 1959 


ai 

‘ 

k 

| | 

i 

\ om “a 

5 

¢ 

> 


GREAT BRITAIN 


RUBBER AND PLASTICS AGE 
June, 1958 


Abstracter: Walter A. Gammel, Sr. 


Polystyrene Shoe Heels—J._ S. 
Harding, Ph. D., A.R.C.S. 

The stiletto heel fashion, initiated 
in mid-1957 has given impetus to 
producing heels in plastics, particu- 
larly toughened polystyrene. Be- 
cause of price structures, 80° of 
the heels are made of this material 
whereas in the U.S. cellulose ace- 
tate or acetatebutyrate are used. 

Wooden heels cost approximately 
twice that of plastic and until re- 
cently experienced a much greater 
failure rate. Even with one-quarter 
of the market demand being fur- 
nished in toughened polystyrene, it 
is interesting to note that tests de- 
vised for nailability and impact 
strength are more demanding in the 
case at the plastic compared to the 
wooden. Wooden heels are required 
to stand four blows whereas the 
plastic must withstand eight of the 
same value. 


August, 1958 


Abstracter: Walter A. Gammel, Sr. 


International High Polymer 
Conference— 

Two main topics at conference 
were (1) new catalyst systems for 
producing stereospecific polymers 
and the heterogeneous processes 
involved; and (2) graft and block 
polymers. Professor Giulio Natta, 
the student of stereospecific catalysis 
was among those present. 

The Russians were well repre- 
sented by a number of their leading 
chemists. Prof. S. S. Medreder, one 
of the pioneers at butadiene poly- 
merization and Prof. V. A. Kargin 
of the Karpon Institute of Physical 
Chemistry were included. In spite 
of the known amount of research 
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the Russians have done in this field, 
the author found their formal pa- 
pers disappointing and speculated 
that perhaps their findings have 
been “restricted.” 


“Papylon” Synthetic Papers—Prof. 


S. Okamura and H. Inagaki. 

Authors describe tersely an ex- 
perimental method of making a syn- 
thetic paper from polyvinyl alcohol 
or polyamide nylon fibres. Chemical 
resistance, high folding endurance, 
and better fire resistance are 
claimed. The synthetic papers are 
known as “Papylon.” 


Epoxy Resin for Electrical 
Components— 

In private correspondence this 
abstracter was recently advised that 
English companies make their own 
handling equipment. The article, 
however, reports on the first com- 
mercial unit manufactured by Blick- 
rac to mix, deaerate, and dispense 
filled and catalyzed epoxy resins. It 
has heated chambers to handle hot 
melts, ports to sight work, and an 
arrangement that permits potting 
under vacuum. The mixing chamber 
is 6” in diameter by 9” deep and is 
replaceable. Vacuum lines are pro- 
vided with sublime trap and mois- 
ture traps. 

Encapsulation of a synchro is very 
briefly mentioned as is an electric 


oven by A. E. W. Ltd. 


Coachbuilders Switch to Reinforced 
Plastics— 

James Whitson and Co., Ltd., 
manufacturers of the Peerless Grand 
Turismo Sports car, switched com- 
pletely to polyester-glass construc- 
tion for all their auto bodies. Details 
of mixing, molding, and inspection 
are outlined briefly. The Peerless is 
made up of 57 individual moldings. 
The bumper is also polyester. An 
aluminum paste is included in the 
gel coat to give a metallic effect. 


It is planned to automate the hand 
lay-up process and_ incorporate 
heating elements in the molds. Wax 
followed by PVA is used for release 
agent. 


October, 1958 


Abstracter: Walter A. Gammel, Sr. 


New Types of Hydrocarbon Poly- 
mers—W. Cooper, Ph.D., F.R.LC. 

This article surveys the current 
status of several of the new hydro- 
carbon polymers which, in the au- 
thor’s opinion, promise to receive 
more attention in the future. To 
date, low-pressure polyethylene and 
isotactic polypropylene are in com- 
mercial production but a number 
of new plastics, fibres, and elasto- 
have been prepared which 
possess properties that are suffi- 
ciently interesting to result in com- 
mercial production. 

The application of directive cata- 
lysts to a greater variety of mono- 
mer systems will lead to many new 
products. For example, using lith- 
ium-containing catalysts, high 
melting crystalline forms of poly- 
methyl methacrylate have been 
prepared. Although many technical 
problems require solving at this 
point, the low cost and ready avail- 
ability of many monomers help to 
insure their consideration in these 


explorations. 
* 
GERMANY 


KUNSTSTOFFE 
September 1958 


Abstracter: Charles Imig 
Dr. P. Piga- 


mers 


Graft Polymerization 
niol 

This article is a review of the 
subject of graft polymerization. 
Chemical and radiation methods of 


preparation are covered as are ap- 


plications, economic considerations 
and unique properties displayed by 


these polymers. 


October 1958 


Abstracter: Charles Imig 


Synthetic Resin Adhesives—Dr. Ru- 
dolf Kohler 

This is a survey of presently used 
synthetic resin adhesives, They are 
divided into those which contain 
resinous adhesive to start with and 
those which form a resin by chemi- 
cal reaction during the bonding 
process. Further subdivision is then 
made, based upon such factors as 
method of application, use of sol- 
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vents and the nature of the chemical 
bonding reaction. Different typical 
applications for each type are dis- 
cussed. 


The Bonding of Light Metals with 
Plastics—Prof. Dr.-Ing. A. Matting 
and Dr.-Ing. K. F Hahn 

Metal joints of light weight are 
of considerable importance particu- 
larly in the aircraft industry. Bond- 
ing technique is discussed in the 
light of pretreatment of the surface 
and wetting the surface and setting 
up the adhesive. Constructional con- 
siderations are discussed from a 
practical viewpoint with an under- 
standing of the differences between 
small scale and large scale work. 
In addition, the influence of tem- 
perature on the joints, behaviour 
under permanent load, tensile, im- 
pact and effect of radiation on the 
joints are discussed. 


Synthetic Resin Adhesives in Light 
Weight Construction—Hans Rebeski 

The building of aircraft is an 
example of a typical use of syn- 
thetic resin adhesive in light weight 
constructions. Particular attention is 
paid to the wings where maximum 
bond efficiency is needed. The de- 
mands which are required of an 
adhesive for this use is discussed. 
An example is given using a two- 
component system of phenol formal- 
dehyde resin with polyvinyl acetal. 


Metallic Bonds: Part Il—Influence 
of Various Factors on Bond 
Strength—Dr.-Ing. Heinz Peukert 
This paper deals with external 
influences affecting synthetic resin 
adhesive bonds. Included is bond 
strength, stress distribution in a 
bonded joint, bond strength under 
static load, tensile strength and 
tensile shear strength of metal 
joints, and the influence of tem- 
perature, long time behavior and 
dynamic strength of metal joints. 


Trans-gel Condensates of Unsatu- 
rated Compounds—Lev Akobjanoff 

A new group of compounds is 
described which are formed when 
excess sulphur halides are reacted 
with unsaturated organic molecules. 
These materials condense to form 
a cross-linked gel. When excess 
halide is present the condensation 
passes through an intermediate gel 
state. These are termed trans-gel 
condensates. 


Special Technique of Injection 
Molding Screw Joints—Dip|.—Ing. 
H. Gastrow 

A 16-cavity mold is described in 
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which the gate is inside of the tube 
thus eliminating the mark normally 
left. 


Home-Made H. F. Welding Equip- 
ment—Kurt Brandenburger 

H. F. Welding equipment is im- 
portant in the fabrication of plastics 
sheeting but often delivery on 
equipment is slow, hampering meet- 
ing delivery dates on parts to be 
produced. Equipment is described 
in detail which can be made in a 
fabricator’s own shop. 


The Use of Adhesive Papers and 
Fabrics in Plastics Processing—Ing. 
H. Goldschmidt 

Experiences gained in using ad- 
hesive papers and cloth in plastics 
processing are dealt with in this 
paper. Thermoplastics should be 
buffed wet and thermosets buffed 
dry. 


Shrinkage and Post-Shrinkage of 
Molding Powders—Helmut Teipelke 

The importance of considering the 
shrinkage and _ post-shrinkage in 
molding parts to close tolerance 
cannot be over emphasized. Results 
gathered over 3!2-years production 
show less variation with phenolics 
than with melamine molding pow- 


ders. 
* 
ITALY 


MATERIE PLASTICHE 


October 1958 
Abstracter: Alfred L. Alk 


Plastics and Prefabrication at the 
Prefabrication Congress 

In this report on the Prefabrica- 
tion Group’s exhibit for the first 
House and Furnishings in Naples, 
plastics are recommended as build- 
ing materials when they prove more 
adaptable for a specific use rather 
than older, more conventional ma- 
terials, and the use of plastics as 
co-constituents is stressed. Plastics 
are presently used for flooring, 
thermal and acoustical insulation, 
wall coverings, roofing, piping, elec- 
trical conduit and insulation and 
glazing. 

A new application is glass rein- 
forced polyester conduit for venti- 
lating air where the light weight of 
the prefabricated sections simplified 
installation procedures. The romance 
of plastics envelops not only new 
materials but new approaches to 
design and construction which are 
now possible. A significant illustra- 
tion of this fact is today’s light- 


weight prefabricated wall panel con- 
structed of melamine or polyester 
skin and phenolic impregnated 
honeycomb core which combines 
excellent wear, insulation and ap- 
pearance and is easily installed re- 
quiring only minimum manpower. 
Another is the prefabrication of one- 
piece bathrooms which consist of 
equipment walls, ceilings, and piping 
ready for use when connected on 
the site. The Congress saw exhibited 
some concrete construction made in 
polyester glass fiber molds which 
were light, strong and smooth, and 
are an important addition to the 
builders’ tools. Furthermore, the 
relatively low cost of construction 
of plastic molds allows the designer 
and builder to achieve forms and 
contours in cement which would be 
inconceivable if produced with con- 
ventional tools. The installer, the 
converter, designer and the manu- 
facturer are all asked to keep 
abreast of new developments and 
to accept them in their own areas. 
Following are some new products 
which were presented. Vinilsolum 
Rhodiatoce, a vinyl acetate paste 
which is spread on walls and floors 
to color and protect. Novopan, a 
reconstituted resinated wood prod- 
uct formed into boards of varying 
thickness and surface finish. It is 
presently used for the fabrication of 
walls, movable and permanent, to 
which it contributes strength and 
acoustical and thermal insulation. 
Prefabricated external wall panel 
sandwiches have been produced 
using weathering faces of fibrous 
cement (Eternit) coated with pig- 
mented vinyl acetate and having a 
phenolic core. Interior panels have 
been made with marble and poly- 
ester-glass faces on honeycomb 
which eliminate to a great extent 
the difficulties attendant upon the 
installation of marble. Besides, the 
marble may be cut very thin, sup- 
ported as it is over its entire back 
by the honeycomb to which it is 
attached by resinous glues. Other 
external panels presented have ex- 
panded polystyrene or polyvinyl 
cores with polyester-glass faces or 
polyester and melamine impreg- 
nated decorated faces. Tables are 
presented giving test results on four 
types of laminates and coverings, 
among other measurements, thermal 
and acoustical insulation. Two other 
prefabricated panels are Skinplate, a 
honeycomb sandwich with PVC 
coated steel as the external face and 
Plastiriv-Plet with polyester-glass 
faces. The Skinplate panels are de- 
signed to be mounted with special 
brackets and anchors which do not 
require making holes in the faces. 
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Equipment for Packaging in Ther- 
moplastic Sheets—C. Di Pieri 

Raw material, labor, equipment 
and overhead costs make up the 
cost of a package, exclusive of filling 
and sealing. Lighter weight con- 
tainers can be formed from sheets 
better than can be formed by in- 
jection molding, thus making the 
sheet package less costly in spite 
of the lower cost of granules com- 
pared with sheet stock. Also, form- 
ing molds are less costly than in- 
jection molds. Most commercial 
machines soften the plastic sheets 
in a similar manner by heating from 
the outside. The forming mechanism, 
however, depends on the material 
being fabricated and the size of the 
container being produced. A num- 
ber of procedures are _ illustrated 
and described in this text. Packages 
can also be formed by sealing sheets 
of plastic around the article to be 
protected. Two forms of machine are 
in use, one using heated elements 
which melt the plastic from without, 
the other using electronic means to 
melt the plastic from within. In 
either case, the softened films are 
held together while the melted sec- 
tions join to form a hermetic seal. 

The limitations and requirements 
of the two methods are presented. 
A new development in packaging 
is the use of perforated, preglued 
cardboard on which the article is 
placed. The softened film is drawn 
tightly over it by means of a vacuum 
and upon cooling, retains the form 
of the article and is also glued to 
the cardboard backing. Satisfactory 
packaging depends on satisfactory 
film and to that end a very versatile 
apparatus is described which allows 
films to be tested under conditions 
which approach service conditions. 


* 
FRANCE 


PENSEZ PLASTIQUES 
November 1958 


Abstracter: K. Downing 


Europe and French Production— 
Anon. 

This entire issue of the magazine 
reviews “Housekeeping plastic” in 
France. The articles in this issue 
are written in French, English, 
Spanish and German. Highlights of 
the issue is the feature article on 
plastic flowers, with various arti- 
ficial flowers listed and the source 
of each is given. Pictures also ac- 
company the article. 
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UNITED STATES 


MATERIALS IN DESIGN 
ENGINEERING 


December 1958 
Abstracter: Leonard S. Buchoff 


A New Look at Nylon Plastics— 
Malcolm W. Riley 


Nylon 6 and nylon 6/6 have good 
frictional properties, high tensile 
strength, good impact strength, and 
high abrasion resistance in common. 
Type 6/6 is a harder, more rigid 
material with a higher service tem- 
perature limit and better creep re- 
sistance than type 6. Type 6 has 
resilience, higher impact 
strength and higher melt viscosity. 

Filled nylons are used in wear 
and abrasion applications, reinforced 
nylons for applications where high 
impact resistance and strength are 
critical, sintered nylons for maxi- 
mum dimensional stability and wear 
resistance. Alcohol soluble nylons 
are available for coatings, adhesives 
and molded high impact parts. 


Tables and figures give properties 
of the various types of nylons and 
competitive high impact thermo- 
plastics. 


* 


MECHANICAL 
ENGINEERING 
Vol. 80, No. 12 


December 1958 
Abstracter: Philip G. Fleming 


Impact Protection With Foamed 
Plastics—E. R. Dye and M. D. Smith 
(Cornell Aeronautical Laboratory, 
Inc.) 

It has been found that head in- 
juries cause 75% of fatalities in 
vehicular accidents. The authors 
outline and describe the procedure 
used to select a low density cellular 
plastic of the optimum dimensions 
and mechanical properties to pro- 
tect the head during impact. 

It was ascertained from accumu- 
lated test data that different formu- 
lations of palstics foams that have 
the same density and rigidity, do 
not necessarily have the same 
energy-absorbing characteristics. 


COMPLETE 
SERVICE 


To guarantee an acceptable finished part, a 
satisfactory die is required. That's why 
REINHOLD-GEIGER maintains a fully staffed die 
shop ...one of the few molding companies in 
the area which does. 

Your dies are maintained for your exclusive 
use, while in our plant. 


HOBBING: largest facilities and tool steel 
inventory in the West. 


SLIP RINGS and BRUSHES: developed and ta 


produced by UNIT INDUSTRIES DIVISION. 


For further information on dies, molding, 
hobbing or precious metal alloy rings, write to 


REINHOLD-GEIGER PLASTICS, INC. 


8763 Crocker Street, Los Angeles 3, California 
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GERMAN TECHNICAL MEETINGS ON PLASTICS 


An International Symposium on Macromolecules will 
be held in Wiesbaden from 12th to 16th October 1959. 
This event is sponsored by the Commission on Macro- 
molecules Chemistry of the Physical Chemical Section 
of the International Union of Pure and Applied Chemis- 
try in collaboration with the International Unions of 
Pure and Applied Physics, Biological Sciences, and 
Crystallography. The arrangements are being made by 
an organizing committee under the chairmanship of: 
Dr. W. Mauss, Wiesbaden-Biebrich, Rheingaustrasse 25 
“e Kalle & Co., A.G., Wiesbaden, Germany, and by a 
scientific committee under the chairmanship of Prof. 
Dr. W. Kern of the University of Mainz, Mainz, Ger- 
many. 

During the same period the International Fair of the 
Plastics Industry—Kunststoffe 1959, will be held in 
Diisseldorf, October 17-25. It is sponsored by Arbeits- 
gemeinschaft Duetsche Kunststoff-Industrie (AKI), 
Fachgemeinschaft Maschinen fiir die Verarbeitung von 
Gummi and plastischen Massen and Fachabteilung 
Schnitt- und Stanzwerkzeuge des VDMA. This is or- 
anized by Nordwestdeutsche Ausstellungsgesellschaft 
m b H. (NOW EA), Ehrenhof 4, Dusseldorf, Germany. 

The International Symposium on Ageing of Plastics 
will be held on Oct. 19 under the auspices of the Plas- 
tics and High Polymers Division, Section of Applied 
Chemistry of the International Union of Pure and Ap- 
plied Chemistry (IUPAC). 

The 8th German Plastics Convention is being spon- 
sored jointly by all the Plastics Associations in the 


German Federal Republic. It will be held in Diisseldorf 
on October 20-21. 

The general preparatory work for these latter two 
conventions is in the hands of a joint organizing com- 
mittee under the chairmanship of Dr. W. Mauss, Wies- 
baden, president of the Arbeitsgemeinschaft Deutsche 
Kunststoff-Industrie, Frankfurt am Main. Correspond- 
ence should be addressed to the Arbeitsgemeinschaft 
Kunststoff-Industrie, Frankfurt/Main, Karlstrasse 21, 
Germany. 

Registration is possible for the International Sym- 
posium on Ageing of Plastics only, as well as for the 
8th German Plastics Convention. Those attending the 
conventions will be entitled to receive a season ticket 
admitting them to all lectures and to the Plastics In- 
dustry Fair 1959. In order to obtain a preliminary esti- 
mate of the number of people who will be attending 
the series of lectures, you are requested to obtain a 
registration form and return it as soon as possible to 
the Arbeitsgemeinschaft Deutsche Kunststoff-Industrie, 
Frankfurt/Main, Karlstrasse 21, Germany. 

All inquiries on the lectures should be sent to: 

Arbeitsgemeinschaft Deutsche Kunststoff-Industrie, 

Frankfurt/Main, Karlstrasse 21, Germany. 

It is unnecessary to send in a provisional registration 
form if you only intend to visit the Plastics Fair. In- 
formation about the Fair may be obtained from: 
Nordwestdeutsche Ausstellungs-Gesellschaft mbH. 

(NOWEA), Diisseldorf, Ehrenhof 4, Germany. 
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Hopper-dryer and 
Jet hopper loader 


More production, lower costs, 
higher products quality because of 
properly controlled conditioning 
of material, no compressed air. 
Easy installation in minutes. 


Thoreson-McCosh 
Hopper-dryer 


Dries and preheats material at 
less cost than conventional drying 
ovens. Easy installation on stand- 
ard injection and extrusion 
machines. No compressed air. 


Shearway granulator, 
blender and loader 


Granulates and loads in one oper- 
ation. With our Hopper-dryer it 
is the most effective drying, load- 
ing, granulating, blending unit 
obtainable. No compressed air. 


Thoreson-McCosh 
new Hi-dri unit 


Simple mechanical (no chemicals) 
dehumidifier for use with our 
Hopper-Dryers on extremely hy- 
groscopic materials under high 
humidity conditions, inexpensive. 


For complete information write today. THORESON-McCOSH, Inc., 18208 W. McNichols, Detroit 19, Michigan, KEnwood 1-4700 
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Complete Your Technical Library 
with 


SPE PUBLICATIONS 


Get the latest developments from top technical authorities. 


SPE PLASTICS ENGINEERING SERIES 


Vol. 1—Processing of Thermoplastic Materials, 705 pages. 
$14.40, members; $18.00, non-members. 

Vol. I—Quality Control for Plastics Engineers. $3.98, mem- 
bers; $4.95, non-members. 


ANTEC PREPRINT BOOKS 


Vol. V, 1959, New York City, 96 papers. $7.50, members; 
$12.50, non-members. Single preprints of individual papers, 
Vol. V, while they last, $0.25 each, members; $0.40 each, 
non-members. 

Vol. IV, 1958, Detroit, 94 papers. $5.00, members; $7.50, non- 
members. 

Vol. III, 1957, St. Louis, 60 papers. $5.00, members; $7.50, non- 
members. 


RETEC PREPRINT BOOKS 
AUTOMOTIVE 


Plastics for the Automotive Industry—Detroit Section, 6 
papers. $2.00, members; $3.50 non-members. 


* BUILDING 


Plastic Trends in Building Construction—Southern Cali- 
fornia Section, 12 papers. $3.00, members $4.50, non-members. 


ELECTRONICS 

Plastics in Electronics—Golden Gate Section, 8 papers. $2.50, 
members; $3.75, non-members. 

Plastics for Airborne Electronics—Southern California Sec- 
tion, 10 papers. $3.00, members; $4.50, non-members. 


EPOXIES 
Epoxy Resin Symposium—Upper Midwest Section, 10 papers. 
$3.00, members; $4.50, non-members. 


* INJECTION MOLDING 

Advances in Injection Molding—two books: Chicago Section, 
April 1958, 4 papers, and Philadelphia Section, November 
1958, 6 papers. Either book: $2.00, members; $3.00, non-mem- 


bers. 


PACKAGING 


Plastics in Packaging—Western New England Section, 9 
papers. $3.00, members; $4.50, non-members. 


POLYETHYLENE 


Polyethylene Properties and Uses—Cleveland-Akron Sec- 
tion, 8 papers. $3.00, members; $4.50, non-members. 


SPI individual members are entitled to SPE members 
prices under a reciprocal agreement. 
Books will be mailed postpaid if money is enclosed. Please 
address orders to: 
Society of Plastics Engineers, Inc. 
65 Prospect Street 
Stamford, Conn. 
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Classified Ads. 


POSITIONS OPEN 


Career Opportunity 
INJECTION MOLDING 
SUPERINTENDENT 


We are looking for a “Take Charge Man” to supervise 
large Injection Molding Department. Minimum of 10 
yrs’ experience either as number 1 or number 2 man es- 
sential (at least 25 machines). Knowledge of automatic 
molding a must. This position offers high immediate 
earnings with unusual growth potential in addition to 
many other attractive benefits. Please send detailed 
resume which will be held in strictest confidence. Reply 
Box 2059, SPE Journal, 65 Prospect Street, Stamford, 
Conn. 


* 


Thermoplastic Salesman 


A major producer of Polystyrene, High Impact Sty- 
rene and Nylon is interested in discussing an excellent 
sales opportunity with an alert, experienced man. 
Thermoplastic background important but not neces- 
sarily essential. Location—New York—Chicago—Cleve- 
land. Car provided. Salary attractive. All replies will be 
held completely confidential. Please send resumes lead- 
ing to interview to: Box 2259, SPE Journal, 65 Prospect 
Street, Stamford, Connecticut. 


PRODUCTS & SERVICES 


Liquidation Sale 


Capac Plastic Inc. 
Modern Plastic Extrusion and Forming Plant 


Two Hartig extruders 412” screw 50 hp. complete to 
automatic sheet stacker. Two Aetna Standard extrud- 
ers 50 and 60 hp. complete to automatic sheet stacker. 
Two Brown rotary drape formers 46x72 with loading, 
heating and forming units automatic and hand control. 
Toledo 9312 double crank 150-ton press 40x80 bed area. 
Cleveland 60 D. double crank 150-ton press 47x84 bed 
area. Bliss #6 double crank 125-ton press 48x84 bed 
area. Allsteel 12x48 plastic grinder M. D. Formost plas- 
tic grinder 36” M. D. Auto Vac former 48x74 bed. Norge 
vac former 49x74 bed. Atlas Vac former 54x54 bed. 
Kline vac former 48x78 bed. Comet vac former 35x45 
bed. Air compressors. Vacuum pumps. Shop equipment 
and office equipment. Write, telephone or wire for 
brochure. Address all inquiries to: Charles S. Moor- 
man, 4204 North Lyndale, Minneapolis 12, Minnesota— 
Telephone: Jackson 2-3351; or 414 Lafayette Bldg., 
Detroit 26, Michigan—Telephone: Woodward 1-0430. 
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POSITIONS WANTED 


Technical Service or Sales 


Chemical Engineer age 33, with experience in plastisol 
and calendered viny! film and coated fabric, vinyl metal 
laminate, paint and coatings. Experience covers formu- 
lation, technical service, product development, raw ma- 
terial evaluation, and extensive knowledge of pigmenta- 
tion. Minimum salary, $11,000. Reply: Box 2159, SPE 
Journal, 65 Prospect Street, Stamford, Connecticut. 


* 


Plastic Mold Designer 


Ten years’ experience designing molds for automatic 
compression, compression, transfer and injection mold- 
ing. Considerable experience in cold molds. Five years 
as mold design department supervisor. Have set up and 
trained mold design departments. Automotive and elec- 
tronic qualifications. Education includes courses in 
mathematics and engineering physics. Will relocate. Re- 
ply, Box 2359, SPE Journal, 65 Prospect Street, Stam- 
ford, Connecticut. 


* 


ENGINEER 


Gentleman, age 35, single. Past positions, product de- 
velopment engineer 2 years; production development 
engineer 2 years; works manager 8 years, and also some 
technical sales. Conversant with production planning, 
method study, stores and stock control. Estimating, 
budgetary and cost control on batch and flow line pro- 
duction. Covering P. V. C. sheeting, films and spread- 
ing; Resin glass low pressure lay ups; high pressure 
mouldings including pre-mix (Epoxy-Phenolic-Poly- 
ester). Foaming; Impregnation; Laminating; Coatings 
and Fabricating 
Prime attributes: Organizing: good all around knowl- 
edge of plastics processing techniques, with a flair for 
devising preduction methods resulting in low unit costs. 
Free July. 

Reply: Box 2459, SPE Journal, 65 Prospect Street, Stam- 
ford, Connecticut. 


CLASSIFIED RATES 


“Position Open” and “Position Wanted”—Minimum charge: 
$7.00; per word: $0.25. SPE members in good standing are 
entitled to a total of three no-charge “Position Wanted” ad- 
vertisements during any twelve month period. 


“Machinery, Equipment, Materials and Services”—Minimum 
charge: $15.00; per word: $0.50. 

All ads include one bold face caption line. Additional caption 
lines at $2.00 extra per line. Boxed ads (four side rules) $2.60 
additional charge. 

Last day for inserting ads is the first of the month preceding 
date of publication. 


Advertiser’s Index 


Allied Chemical Corp., National Aniline Division ...... 268 
Allied Chemical Corp., Plastics & Coal Chemical Division 333 


American Cyanamid Corp., Plastics & Resins Division.. 274 


Chemical Division, Enjay Company, Inc. .............. 272 


Chemical Plastics Division, Food Machinery & Chemical 


Detroit Molding Engineering Company ................ 


Enjay Company—Chemical Division ....... 272 


Food Machinery & Chemical Corp., Chemical Plastics 


General Dyestuff Company 
General Motors Corp., Oldsmobile Division .. 278: 
Geon Division, B. F. Goodrich Chemical Company 270 


Goodrich, B. F., Chemical Company, Geon Division. .. 


Improved Machinery Company ....................... 


Injection Molders Supply Company ........ Fem 
National Aniline Division, Allied Chemical Corp. ...... 268 
National Distillers and Chemical Corp., U. S. Industrial 
Oldsmobile Division, General Motors Corporation .... 278 
Package Machinery Co., Reed-Prentice Division ...... 320 
Plastics Equipment Division, F. J. Stokes Corp. ...... 269 
Plastics & Coal Division, Allied Chemical Corp. ........ 333 


Plastics & Resins Division, American Cyanamid Company 274 
Plastics & Resins Division, Shell Chemical Corp. ...... 264 


Reed-Prentice, Package Machinery Co., Division of .... 
Reinhold-Geiger Plastics, Inc. 


Shell Chemical Corporation, Plastics & Resins Division 264 
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Union Carbide Corp., Division of Union Carbide Plastic 


Union Carbide Plastics Co., Division Union Carbide 


U. S. Industrial Chemicals Co., Division National Dis- 
tillers and Chemiledl Corp. 
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The reason: higher arc resistance and better color fastness than 


conventional materials yet competitive in price. ee 
Wood Flour-Filled Urea produces superior parts at no extra cost. 


Wood Flour-Filled Urea is now produced in an 
all-new automated plant by Allied Chemical. It’s 
a high-quality thermosetting PLASKON Mold- 
ing Compound specifically designed for the 
manufacture of electrical wiring devices. 
PLASKON Wood Flour-Filled Urea matches the 
more expensive alpha-cellulose type urea in all 
properties except translucency and range of 
color. This means you can have the advantages 
of urea in all wiring devices—whites and pastels 
from alpha-cellulose filled, browns and blacks 
from wood flour-filled urea. 


Properties of PLASKON® Wood Flour-Filled Urea 


include: 
e Arc resistance of 80-100 seconds (ASTM) 


PLASTICS AND COAL CHEMICALS DIVISION 


versus 0-10 seconds for conventional 

general purpose materials 

Superior color fastness 

Greater scratch resistance 

Unaffected by household solvents 

Hard non-electrostatic surfaces 
Molders find PLASKON Wood Flour-Filled Urea 
excellent for high-speed automatic operations. 
In addition to years of pre-production research, 
this low-cost molding compound has been thor- 
oughly tested and proved in commercial manu- 
facturing equipment. 


Today — take your first step toward a switch to 
wood flour-filled urea. Write us for technical data 
and molded samples. 


lied 
hemical 


40 Rector Street, New York 6, N. Y. 
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DESIGNS IN MARLEX 


Boilproof 


prune jar 


sparks nationwide premium promotion! 


The California Prune Advisory Board recently came up 
with a brand new prune preparation idea . . . the “Sun- 
shine Jar method’’. To plump prunes, the housewife pours 
scalding hot water over the prunes, lets them cool, then 
puts the jar in the refrigerator. This gives her a convenient 
supply for everyday use. To help promote this new method 
a new “Sunshine Jar’’ was developed. 


They tried china and ceramic jars, but initial cost, ship- 
ping weight and breakage were excessive. Finally, they 
found the ideal solution . . . a MARLEX jar! Here was a 
plastic that could withstand boiling water without deform- 
ing . . . freezing temperatures without cracking. The 
MARLEX jar is lightweight, yet extremely tough, rigid and 
unbreakable, with excellent gloss and color. It won't stain, 
and it’s economical to produce! It adds a much appreci- 
ated touch of beauty to the kitchen or breakfast table. 


This attractive jar, molded from MARLEX rigid poly- 
ethylene by Southern California Plastics, is being offered 
as a premium in food markets throughout the country, 
and in an extensive promotional campaign by the Califor- 
nia Prune Advisory Board in national consumer maga- 
zines and on network TV! 


MARLEX is excellent for housewares and thousands of 
other uses. Have you a problem MARLEX can help solve? 


*MARLEX is a trademark for ~ 
Phillips family of olefin poly 
PHILLIPS CHEMICAL COMPANY, Bartlesville, Oklahoma 


A subsidiary of Phillips Petroleum Company 
PLASTICS SALES OFFICES 


NEW ENGLAND NEW YORK AKRON CHICAGO WESTERN SOUTHERN EXPORT 

322 Waterman Avenue 80 Broadway, Suite 4300 Water Street ‘111 S. York Street 317 Lake Ave. 6010 Sherry Lane 80 Broadway, Suite 4300, 
East Providence 14,8.1. New York 5, N.Y. Akron 8, Ohio Elmhurst, til. Pasadena, Calif. Dallas, Texas New York 5, WY. 
GEneva 4-7600 Digby 4-3480 FRanklin 6-4126 TErrace 4-6600 RYan 1-6997 EMerson 8-1358 Digby 4-3480 
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